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Introduction

It is fifty years since the first symbolic shovels full of earth were lifted
above the soil of Langley Ficld to signal the start of construction of
the first research 1aboratory for the National Advisory Committee for
Aeronautics,

Those shovels of Virginia ground symbolized more than the construc-
tiun of a rescarch laboratory. They were tangible proof that this coun-
try was determined to build an acronaurical research establishment
sccond to none in the world, aimed at regaining and then maintain-
ing the lead in acronautics which had been given to America by
Orville and Wilbur Wright less than 14 years before.

In m:d-1917, America had been at war for three months, in a conflict
which was to sce the airplane grow from a scientific curiosity and a
sportsman’s plaything to an cffective weapon of war.

But when the war broke out in 1914, the United States was last on
the list of world powers equipped with military aircraft, running a
poor fifth behind France, Germany, kussia and Great Britain.
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Not only the tangible evidence of acronautical progress was lacking.
The other powers had scen the valuce of acronautical rescarch labora-
. tories and facilities as carly as 1866. In that ycar, the Acronautical
. Socicty of Great Britain was formed to stimulate rescarch and ex-
periment, and to interchange the inforiation gained. Harbert Wenham
and Horatio Phillips, members of that Socicty, invented wind tunnels
soon after 1870.

Frarce had major installations: Gustave Eiffel’s p:ivately owned wind
tunnels at the foot of the Eiffc]l Tower and at Autcuil; the Army’s
acronautical laboratory at Chalais-Mcudon; and the Institut Aero-
technique de St.-Cyr. Germany had l: Yoratories at Géttingen Uni-
versity and at the technical colleges of Aachen and Berlin; the govern-
ment operated a laboratory at Adlershof. and industry was well-cquipped
with rescarch facilitics. Italy and Russia had aeronautical laboratories
long before the United States took the step.
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National concern mounted as more and more scientifically prominent
Americans discoverad the wocful position of this country in acronaut-
tical rescarch. In 1911, it was suggested that the Smithsonian Insti-
tution, earlier the st pporter of Samuel Picrpont Largley’s pioncering
work, be given respoasibility for an acronautical laboratory. Objec-
tions by both the Wer and Navy Departments were influential in
killing the idea for the time being.

But the Smithsonia:1 pressed its case, and by the following year appeared
to have met initial success. President William Howard Taft appointed
a 19-man commission to consider the organization, scope and costs

of such a laboratory, and to rcport its findings, along with its
rccommendations, to the Congress.

An administrative oversight killed this approach; the appointments

| had been made solely by Presidential action, without the traditional
advi~e and consent from the Senate. The legislation which was
proposed to authorize the lahboratory failed to get unanimous consent.

Eagien raniin Mt cacd

' The Smithsonian decided to try it alone, and rcopened Langley’s
laboratory. One of the first tasks was a survey of major rescarch and
cxperimental facilitics abroad.

"The report which came out of that survey showed clearly the dangerous
gap between the state of acronauntical technology in Europe and
in the United States. Once again, the Smithsonian decided to approach
© e Congress, and on February 1, 19135, delivered to the Spcakcr -
]:KCf the Housc of P.cpresentatives a statement which said, in part:




laboratorics.”

held April 23.

experitent, and the latte

A National Advisory Committce for Aeronautics cannot fail to be

of inestimable service in the development of the art of aviation in
America . . . The acronautical committce should advisc in relation

to the work of the government . acronautics and the coordination of
the activities of governmental and private laboratorics, in which ques-
tions concerned with the study of the problems of acronauties can

be experimentally investigated.”

i That statement became a joint resolution of Congress and was added
as a rider to the Naval Appropriations Act approved March 3, 1915.
The Act established an Advisory Committee for Acronautics (The
word “National’’ was to be added later at the first Committee meeting),
detailed its organization, apportioned its membership, and described
its general task in words which nced no improveinent today:

<« it shall be the duty of the Advisory Committec for Acronautics
to supervise and direct. the scientific study of the problems of flight,
with a view to their practical solution, and to Aetermine the problems
which should be cxperimentally attacked, and to discuss their solu-
tion and their application to practical questions. In the cvent of a
laboratory or lahoratorics, cither in whole or in part. being placed
under the direction of the committee, the committec may direct and
conduet research and experiment in acronautics in such laboratory or

The first Committee appointments were made by President Woodreay
Wilson on April 2, 1915, and the first full Committee meeting was

Among the early projects completed by the Exccutive Conunittee of
NACA was a facilitics survey of industry, government and universi -
tics. Ot of that work, NACA concluded that 't would require bath a
! laboratory and a flight-test facility, the former for model work and

r to work with full-scale p:oblems. With
foresight the Committec recegnized that building and equipping these
facilities ~ught to be a gradval and continuing )rocess, so that the
laboratory could stay abreast of czvelopments in technology.

During 1916, NACA called a meeting of aircraft and engine manu-
facturers to dis :uss the probleins and progress ir aiplanc engine design
and development. That meeting was the first of many to comnc, an
it initiated the close working relationships between the governinent
laboratory and private industry which have existed cver since.

Mcantime, the Sccretary of War has been told by Congrens to survey
available military rescrvations to find one suitable for an acronautical

experimental station,

site were suitable. The Army appointed ar

or to reconiuend a new site, if no existing
1 officer board which selected

a sitc a few miles north of Hampton, Virginia.

It fulfilled the requirements of the search: It was flat Iand, fronting
on water so that test lights could be madc over both land and water.
It was cast of the Mississippi and south of the Mason-Dixon line,
where weather was generally good for flying. It was no farther than
12 hours by train from Washington, D. C. It was not so closc to an
unprotected coastal arca as to be subject to attack or possible capture

in the event of war,

A special NACA subcommittee went through a similar scarch for its

own cxperimental station sit

¢, and concluded that the Army’s choice

was a wise one. The subcommittee recommended that the Army
buy the site north of Hampton as a test arca for joint Army, Navy

and NACA cxperin nts.

That sitc was to become Langley Ficld, named after Samuel Picrpont
Langley. NACA (which in 1958 became the nucleus of the National
Acronautics and Space Administration) would build its first test

Q 5 Ficld, ncar Dayton, Ohio; the Navy, oriented toward tests of scaplancs,
EMC . would move its cxperimental work across the water to Norfolk, Virginia.

Aruitoxt provided by Eic:

ccntg;;herc, but neither the Army nor the Navy would usc it for
exj comental work. The Army would cstablish its test arca at McCook
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1917-1927

Langley Research Center, born during the first
World War, saw the shaping of the framework
of decades to come during its first ten years of
life.

Tte war had introduced day and night bombing.
It had spurred the development of bomb sights,
automatic pilots, radio communication and navi-
gation aids, self-sealing fuel tanks and pilotless
atreraft.

TVithin three months after the Armistice, com-
iercial aviation started in Germany when
Dsutsche Luftreederei began its passenger-
carrying service. That year also had seen the
first daily commercial air service started, with
flights between London and Paris. The first
international passenger flights from the U. §.
Sollowed in 1920; by 1925, regular air freight
service had been established between Chicago
and Detroit. The new transport industry becume
subject to its first regulatory legislation, the Air
Commerce Act, signed into law tn 1926 by
President Calvin Coolidge.

Record flights by the score showed the way toward
the future routine accomplishments of civil and
military aviation. The Atlantic was crossed first
by a U. S. Nayy Curtiss NC-4 flying boat,

and then, non-stop, by Britain’s Capt. john
Alcock and Lt. Avthur W. Brown in 1919.

Four years later, the first non-stop transcontinen-
tal crossing of the United States by air was
made by Lts. O. G. Kelly and J. A. Macready.
In 1924, two of four Army Douglas amphibious
biplanes completed a round-the-world flight,
another first in aviation history. During the
26,350-mile flight, they flew the first trans-
Pacific crossing and the first westbound North
Atlantic crossing.

But the most-remembered achievement of the
post-war years was the solo crossing of the
Atlantic by Charles A. Lindbergh. His
history-making flight drew world-wide attention
to the potential of the airplane, and gave an
impetus to aviation that no other single feat

since the Wright brothers’ first flight ever has
malched.

Other developments during that first decade pointed
the way toward the future of aviation. A Curtiss
FN-4 was remotely controlled in the atr from
another FN-4; the Sperry gyro-stabilized auto-
pilot was successfully lested. Inaccessible parts
of Alaska were mapped from the air; a Hawaiian
forest was planted from the air; cloud-seeding
experiments began.

Target battleships were sunk by bombing; pited,
midair refueling was demonstrated. An all-metal,
smooth-surfaced wing was built in Germany by
Rohrbach, i\e progenitor of the stressed-skin
structures which are standard today.

And in widely separated parts of the world, Dr.
Robert H. Goddard successfully developed and
fired liquid-fuelled rocket motors, the German
Society for Space Travel (Verein fuer Raum-
schiffakrt) was organized, and the Russian
government established a Central Committee for
the Study of Rocket Propulsion.

The problems facing the airplane designer in the
early post-war years were difficult. The strutted
and wire-braced biplane had high drag, and a
low lift-drag ratio. It had poor propeller per-
formance, and an engine—or engines—of low
horsepower and doubtful reliability.

Added to this were the complete lack of any
means to control the landing speed and the approach
angle, the lack of knowledge of gusts and maneu-
vering loads, and stability and handling charac-
teristics that varied from acceptable to dangerous.
It is remarkable that any aviation progress

was made.

But it was. The list of technological innovations
of this decade is impressive.

It includes the development of a reliable, air-
cooled engine; cantilevered design; the use of
metal in structures; the concept of tri-motored
aircraft; the experimental use of superchargers;
the trend to the monoplane; and the development
of limited blind flying equipment.

This was the form of the first decade at Langley.
It was a ten-year period of startling growth for
the airplane, out of its role as a winged weapon
of war and into new jobs for the military and

a wide range of commercial services.

But the growth had been raore accidental than
planned. Designers worked with a paucity of
data and filled the gaps with their own experi-
ence or the experience of others. It was a decade
of empirical development, of lucky—and, too
often, unlucky—solutions to the manifold
problems of airplane design.

It would be the aim of NACA’s new aeronauti-
cal research laboratory at Langley Field to
reduce the element of luck tn airplane design, to
replace it with a body of carefully developed
scientific data, and to point the way to improved
airplane design concepls.




4 In the heat of July 1917, excavation began
at Langley Field for the first research
iaboratory to be built for the National
Advisory Committee for Aeronautics.

Langley had been authorized as the site for
NACA'’s experimental air station just the
month before, and a contract had been

let for construction to the J. G. White
Engineering Corp., of New York City.
Estimated cost of the laboratory was
$80,900.

By November 1917, after surveys of exist-
ing industry and airfields to determine the
state of aviation in the United States,
NACA authorized the preparation of plans
and specifications for its first wind tunnel.
It was to be like the pioneering wind tunnel
developed by Gustave Eiffel, with a test
section about five fect in diameter and an
insert which could be used to reduce the
working area to a cross-section with a two-
and-one-half foot diameter.

Work began on the tunnel in the spring of
1919, and it was ready for operation one
year later.

By then, NACA had proposed a national
1. One of two Curtis  2viation policy, and among its recommen--
JN-4H “Jenny” trainers dations was one that research be expanded
before speed tests, 1919.  at the Langley laboratory. NACA also

2. Sperry M-1 Messenger  offered the use of its experienced personnel

was evaluated in flight  and its new facilities to universities and
and in the propeller  industry in order to foster aeronautical
rescarch tunnel.  research and experimental work outside of
government laboratories.

The new wind tunnel was operated for the
first time at the formal dedication of the
Langley Memorial Aeronautical Labora-
tory, now the Langley Research Center,

on June 11, 1920. Visitors to the lab saw a
small brick-and-concrete building, from
which sprouted two bell-shaped surfaces

open at the ends. This was the wind tunnel
and the test building. ;

The test building was about ten by fourteen
feet in floor dimensions, and it stood about
23 feet high. Through the center of the
building ran the cylindrical test section in
which test models were suspended on wires. |
Below the test section were chairs where :
engineers sat and read the balance arms of
ordinary weigh scales which had been
modified to measure the loads on the model ;
during the test.
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The tunnel could produce a test section
speed as high as 120 mph., believed to be
the fastest useful test speed then attainable
in the world. Further, it apparently had
excellent flow characteristics, compared to

- its contemporaries, and what were termed

9 “satisfactory means for measuring the forces

on models at the highest velocities.”
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Within six months or so, the Committee
authorized construction of a second wind
tunnel, a compressed-air unit designed to
correct for the scale effect which produced
differences between model and fuil-scale
data. Plans were approved one year later
and construction was authorized.

The tunnel was designed to run at pres-
sures as high as 20 atmospheres (about 300
psi.), and the test section was to have a
five-foot diameter.

The compressed-air tunnel, later to be
designated the variable-density tunnel, was
operated first at the annual meeting of the
full NACA Committee on October 19,
1922. Incidentally, there was not enough
electrical power available at Langley to run
both it and Tunnel No. 1 concurrently.

The Committee must have been impressed
with the growth and stature of the Langley
Laboratory at the time of the 1922 meet-
ing. It now was made up of six units:

The research laboratory building, which
included administrative and drafting offices,
machine and woodworking shops, and
photographic and instrumentation labs;
two aerodynamic laboratories, each con-
taining a wind tunnel; two engine dyna-
mometer laboratories, one of which wasin
a permanent building while the other was
in a converted hangar; and an airplane
hangar on the flying field.

Test equipment included an automatic
balance and a high-pressure manometer
for the variable-density tunnel, and a spe-
cial wire balance, for the first wind tunnel,

suitable for making tests of biplane and
triplane models.

These test techniques and facilities were
aimed at measurements of the aerodynamic
characteristics of existing aircraft and

their components, to devise concepts to
improve those characteristics.

But wind tunnels weren’t the only test
techniques awvailable to the Langley engi-
neers. Within the second year of Langley’s
existence, work had started on the develop-
ment of instruments for flight-test work,

so that measurements could be made cn
full-scale airplanes and correlated with

data obtained from models in wind tunnels.

That first instrumentation program called
for ways to measure engine torque and
rpm., propeller thrust, airplane speed and
angle of attack. Knowledge of these param-
eters of a full-scale airplane would both
supplement and complement data taken
during wind tunnel tests.

This two-pronged approach to the problems
of aeronautics—by model tests and by full-
scale flight tests—established the interde-
pendence of these two test disciplines early
at Langley. Emphasis on that dual ap-
proach has been strong ever since, and is
one of the foundation stones of Langley
research policy today.

By mid-1919, with construction of the first
wina tunnel underway at Langley, re-
search was authorized for the first NACA
flight tests with full-scale airplanes. The
purpose of the tests was to compare in-
flight data with wind tunnel data for the




same aircraft to show the degree of cor-

relation, and to determine, if it could be
done, a way to extrapolate wind tunnel
tests to full-scale results,

The first program used two Curtiss JN-4H
“Jenny” trainer biplanesin a detailed in-
vestigation of airplane lift and drag. It
was the forerunner of a myriad of deiailed
investigations that would later lead to the
development of a series of research aircraft
to explore the unknowns of subsonic and
supersonic flight.

There was a second important result of
that first program with the Jennies. The
NACA Technical Report which described
the tests also notcd that there was a need
to develop a special type of research pilot.
This was perhaps the first time that the
role of the engineering test pilot had been
recognized and described.

The faithful Jennies served in a variety of
tests during the years. They pioneered in-
flight investigations of pressure distribution
so that designers could calculate the air
loads acting on the wings and tail of the
aircraft. In the first program, begun in
1920, NACA technicians installed 110
pressure orifices in the horizontal tail of

the wood-and-fabric Jenny, hooked to a
battery of liquid-in-glass manometers which

could be photographed in flight.

Early in January 1921, research was begun
to compare the characteristics of wings in
model tests and in full-scale flight tests, so
that designers could be furnished with com-
plete and accurate data on which to base
their performance estimates.

During that same year, new instruments
were developed and tested in flight to
measure control position and stick forces
exerted by the pilot. This was done to
understand and improve handling charac-
teristics, and thus increase flight safety. Re-
fined and miniaturized instruments used
for the same basic purposes find continued
employment today in the tests of high-
speed jet aircraft or rocket-propelled
research vehicles.

Pressure distribution investigations became
a major portion of the flight-test work at
Langley. From the measurements of loads
in steady-state flight, the work was ex-
panded to study the effects of accelerated
flight or maneuvers, because at that time,
there was virtually no data available to
designers on the distribution of the load
on the wing of the airplane in accelerated
flight.

Later work extended the pressure-distribu-
tion measurements to the nose of a non-
rigid airship, first under steady flight con-
ditions, and then during maneuvers over
a range of airspeeds and atmospheric
conditions.

Five airplanes shouldered the load of flight
test work during 1921. Three of them were
the Jennies, Curtiss JN-4H types. They
shared the flying field with the Lewis &
Vought VE-7 and a Thomas-Morse MB-3.

Together, the Jennies logged 110 hr. of
flight time in 260 flights during 1921.
More than half of the flight time was spent
in data collection.

Other pacemaking research began in 1922,




¢ when the first systematic series of takeoff

: and landing performance measurements

- was made at Langley. During that year,

" the Navy Bureau of Aeronautics asked
NACA to undertake a comparative study
of the stability, controllability and maneu-
verability of four airplanes: The VE-7, the
MB-3, a British SE-5A, one of the most
widely used pursuit aircraft in World
War 1, and the famous Fokker D-VII, the
mainstay of the German Imperial Air
Service during the same conflict.

The SE-5 and a De Havilland DH-4 had
_]omcd the Langley flight test fleet in 1922,
to raise the number to seven aircraft. In
addition, four n.ciu aircraft were being
refitted for test programs or support work:
The Fokker D-VII, a Nieuport 23, a
S.P.A.D. VII, and a De Havilland 9.

——————a e

1. Flight research, 1924:
JN-4H, Fokker D-VII,
MB-3, DH-4 ana Sperry
M-1.

2. Thomas-Morse MB-3
joined the Langley test
fleet in 1921.
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Again the Jenny was used as a test vehicle
in 1922 in an extensive investigation of
maneuverability. The aim was to find a
satisfactory definition of the word, in an
aerodynamic sense, and to establish ways
of measuring it. Before this time, maneu-
verability was a subjective judgment by a
pilot, full of personal likes and dislikes.
The same airplane could be judged light
on the controls and maneuverable by a
muscular pilot, and heavy on the controls
and sluggish by a lesser man.

What was needed was some way of reduc-
ing subjectivity to objectivity, and NACA
pilots and engineers at Langley set about

finding that way.

They instrumented the Jenny to measure

its angular velocity following a motion of

its controls, as a first approach to defining
what maneuverability was.

Like so much of Langley’s pioneering work,
this early study of inaneuverability grew
into the extensive flight research work
done today on the handling qualities of
aircraft. The basic approach laid down
then is valid now.

The calibre of the flight-test work being
done at Langley began to attract attention
from the military services. In 1923, the
Navy’s Bureau of Aeronautics came to
Langley with a request that the Laboratory
run a series of flight tests in the low-speed
regime on its TS aircraft, a scout aircraft
developed by Curtiss. The Navy was par-
ticularly interested in accurate determina-
tion of the stalling speed, and the takeoff
and landing speeds.

The Army Air Service also was concerned
with similayr questions. The service asked
NACA in 1924 to study the acceleration,
control position, angle of attack, ground
run and airspeed during the takeoff and
landing of most of the airplanes then in

r112
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service with the AAS. The list included the
Curtiss JN-6H; the Lewis & Vought VE-7;
the De Havilland DH-4B; the Fokker
XCO-4, the prototype of the C.IV two-
place biplanes then in service with several
countries; the SE-5A; the S.P.A.D. VII;
the MB-3; the Martin MB-2, a biplane
bomber; and thc Sperry Messenger.

By then, Langley’s flight line sported 11
test aircraft; during 1924 they logged 918
flights for a total of 297 hr. of flight time.

The same year, the Army requested a flight
research investigation of the pressure dis-
tribution over the wing of a Lewis &
Vought VE-7 tandem trainer. The service
transferred one of the aircraft to Langley
for the program.

The VE-7 soldiered on through other work
after that test was completed, including a
landmark program using seven different
propeller designs, aimed at determining

the effects of different propeller design on
performance.

Those tests, along with tests with a series
of six interchangeable wings, each with a
different airfoil section, on a Sperry Mes-
senger biplane, became the first of many
NACA comparative tests where a system-
atic approach was used to develop a better
installation or to design a better component.
Sophistication had come both to flight test-
ing and wind-tunnel testing. By mid-1924,
NACA was able to make complete pres-
sure distribution surveys, either in the

wind tunnel or in flight, in one day of
work. Formerly, such tests had required a
series of runs over a time period as long as
two months.

Later thc same year, NACA reported a
further refinement in flight testing tech-
niques. Recording instruments had been
developed, the Committee said, to make a
continuous record of pressure distribution,
accelerations, and other parameters durinzy
flight tests of aircraft.

During 1925, the flight-test program con-
tinued to grow, and there were 19 aircr-{c
in various phases of test work at Langley.
They made a total of 626 flights di'ring the
year, and logged 245 hr. of flight time.

An engine research laboratory had been
started and a dynamometer, to measure
output and other performance data on air-
craft engines, had been installed in 1919.
Since then, a second had been added.

Both were kept busy, and so were the
powerplant engineers. Early work on super-
chargers, investigated at Langley in 1924,
led to consideration of supercharging to
boost engine power for high-altitude
bombers, ard to obtain a good rate of
climb for interceptors. This engine research
laboratory lacer became the nucleus of the
Lewis Research Center.

One specific study was made to determine
the adaptability of supercharging to an
air-cooled engine and its effect on the

flight performance of the engine.

Two more pioneering programs were be-
gun at Langley in 1925. The first of these
was an attempt to standardize wind-tunnel
results, a necessary preliminary to com-
parison of data taken from two different
wind-tunnel installations. NACA engineers
developed a series of circular discs which
were tested in the Langley tunnel, and then




sent 10 other wind tunnels for testing under
the same conditions. The results, when
compared, offered a way of checking the
results of one wind tunnel against another.

Second of these early programs which led
the way was the beginning of the measure-
ment of landing loads, even today a major
effort at Langley laboratory. But at that
time, the loads were to be measured on
seaplane floats, so that the specifications
for the design of float bracing could be
improved.

On May 24, 1926, NACA held its first
joint conference with representatives of the
aircraft manufacturers and operators at
Langley. It was the first of what was to
become a recurring event and a great
NACA tradition: the inspection tour. But
it went further; it provided the guests with
an opportunity to criticize current research
and to suggest new avenues they believed
promising.

The second of these conferences, held the
following year, was expanded to include
representatives of educational institutions . .
that taught aeronautical engineering, and - s
of trade journals that played such an
important part in the dissemination of
aeronautical information.

1. Ford truck, Huck
) starter, and Lewis &
This interchange of information between Vought VE-7, around

industry and NACA, always one of the 1924.

major factors in directing the course of the 2. War booty, this
Committee’s research, has been maintained =~ German Fokker D-VII
over the years since the first formal joint was tested at Langley

conference in 1926. in 1922,

By that time, the outstanding work of the
Langley Laboratory had also been recog-
uized by foreign institutions. Typical of

* that recognition was a request from the
Aeronautical Research Committee of Great
Britain, which asked Langley to run a
series of wind-tunnel tests on three airfoil
sections, incorporated in wing designs on
three different aircraft models. The results
were to be used for comparison with wind-
tunnel and full-scale flight results previously
obtained in England.
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One of the more significant developments

¢ in aeronautical research to grow out

. of the Langley laboratories had its begin-
ning in a letter sent from the Navy’s Bureau
of Aeronautics in 1926. The Navy had
been convinced that the air-cooled engine
was a more practical solution to its power-
b plant problems than the liquid-cooled
powerplants favored by the Army. But
Navy engineers were well aware that air-
cooled installations had more drag and
wasted more power in cooling the engine J 4
i than seemed necessary. The engineers be- - &
E TC lieved there was some way to put a stream-

- lined cowling around the engine to reduce

-
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its drag and improve its cooling perform-
ance, and they asked Langley to investigate
the possibilities.

A similar request came out of the second
industry-NACA meeting. Industry engi-
neers, obviously up against the same prob-
lem the Navy faced, turned to NACA for
help. They asked that the effect of the
fuselage shape on cooling and cowling also
be taken into account, in addition to the
effects produced by whatever optimum
cowling shape the laboratory was able to
devise.

Model work in the one remaining wind
tunnel—the variable-density tunnel had
been badly damaged by fire in August 1927
and was out of action for two years—
wasn’t the answer. The models were small,
and were tested without propellers. Flight
test would be too costly, and too time-
consuming, but it looked like the only way
possible at the time.

The final answer was to come from the
propeller research tunnel, a brand-new piece
of equipment authorized two years before
and scheduled to start operation at the end
of 1927. Originally planned to be able to
test full-sczle propellers under simulated
flight conditions, the tunnel also was to

be used for the testing of full-scale fuselages

or tail surfaces, or of large model wings.

With its 20-tt. diameter test section, and its
top wind velocity of 110 mph., it was not
only the largest wind tunnel in the world,
but also the first in which the major com-
ponents of 2 full-sized airplane could be
tested.

With the availability of this new research
tool, Langley had come of age. Its first
ten years of life had been devoted largely
to exploring and identifying the problems
of aeronautics. )

The years had been used to develop the

organization, to build facilities, to survey
the industry and the operators of aircraft
to determine what kinds of problems needed
solutions.

Along the way, problems were solved, and
major contributions were made to the air-
craft designs of the day. But the major
contributions of Langley during its first
ten years of Jife were made to itself and to
the National Advisory Committee for
Aeronautics, to their functioning and
growth, to give them the ability to under-
stand the problems of flight and to be
ready to find solutions to them as tt e need
for those solutions grew more and more
pressing.

rev o Aot ol

- Sperry M-1 Messen-
ger was first full-scale
. airplane tested and one
Q C’%t of first test programs in
‘ s the propeler research
tunnel, in mid-1927. |
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1928-1937

The second decade of work at the Langley
Memorial Aeronautical Laboratory began on
the upsurge of a new wave of popular inierest
in aviation. Lindbergh’s historical crossing of
the Atlantic had touched the imagination of the
world, and had converted skeptics into believers.

This decade would produce a revolutionary
change in the appearance and performance of
airplanes, firmly establishing their position in

the growing transportation networks of the world

and guaranteeing their future predominance in
that field.

In commercial aviation, Transcontinental &
Western Air inaugurated the first coast-to~coast
through air service in 1930, between New York
and Los Angeles. The Boeing 247 and the
Douglas DC-1, progenitors of long lines of
transports to come and of years of commercial
rivalry between the companies, made their first
Slights during 1933. T he following year, Douglas
started work on the DC-3, the plane that was

to revolutionize air transport. It first flav in 1934.

T hat same year, Pan American slarted survey
Slights with flying boats across the Pacific and
Sollowed with the start of air mail service from
San Francisco to Manila. In 1936, the airline
carried the first passengers on its new trans-
Pacific route. In 1937, Pan Am and the British
carrier, Imperial Airways, made survey flights
across the Atlantic, and Pan Am started the first
atr mail service between the United States and

New Qealand.

During the decade, Boeing’s Model 299, the
prototype of its B-17 “Flying Fortress” series,
made its first flight (1935). In Britain, the proto-
type Hawker *Hurricane” flew for the first time,
and the first report on radio detection and rang-
ing (radar) was presented to the British Air
Defence Research Committee.

Three wars, which led to an increased appre-
ctation of atrpower, erupted during this period.
Japan began its operations agatnst China in
1931; Italy declared war on Abyssinia in 1935;
the Spanish Civil War began in 1936.

The tragic Spanish conflict drew other nations
to the fighting within Spain’s borders, and gave
them the opportunity to test and develop new
weapons and concepts. Guernica, the seat of the
Basque government, was bombed and devastated
by German atrcraft in a demonstration of things
to come.

The decade saw the death of the dirigible fol-
lowing a series of tragic accidents to the British
R-101, the U. S. Navy’s Akron and Macon,
and the German Hindenburg.

Some of the most radical developments of the ten
years took place in jet propulsion. The year 1928
saw the first rocket-powered glider flight made in
Germany, and the publication of a_fundamental
paper on jet propulsion by Frank Whittle. Nine
years later, his first engine was run. The Rus-
stans published the first volume of a nine-volume
encyclopedia on interplanetary flight that year.

In 1929, the first known use of jet-assisted take-
off was successfully demonstrated in Germany.

The following year, the German Verein fuer
Raumschiffahrt established a test site in Berlin,
and the German Army Ordnance Corps organized
its rocket weapon program and moved it inio a
test station at Kummersdorf.

Static tests of a Heinkel He-112, converted to

be flown with an auxiliary rocket engine, were
made tn mid-1935, and the airplane made ils

Sirst successful test flight early in 1937. It was
the forerunner of later German developments in
rocket-powered fighters.

In 1937, German Army Ordnance opened its
rocket development station at Peenemunde. In
Russta, three rocket test centers were established
near Moscow, Leningrad, and Kazan.

The biplane was the standard design when
NACA’s Langley Memorial Aeronautical Lab-
oratory starled its second decade of life. The
Army Air Corps’ newest bomber was the Curtiss
“Condor”, a twin-engined biplane with fixed
landing gear, strut bracing, open cockpit and a
biplane tail assembly. Its hottest fighter was
another Curliss product, the P-1 series, progeni-
tor of a long line of Curtiss *‘Hawks.” It too
was a biplane, with strut bracing, fixed landing
gear, and a liqguid-cooled engine.

The commercial airways were served by the tri-
motored monoplane Fords, an all-metal high-
winged design, the Boeing 80 biplanes, also tri-
motored, and vartous single-engined designs such
as the Fokker Untversal.

In most of the commercial and military designs,
the basic airplane was a strut-braced and wire-
braced biplane, built of wood or steel tubing, and
covered with fabric. Its landing gear was fixed;
its engine,\f Gircooled, was uncowled. The pro-
peller was a fixed-pitch type. The monoplane

13




14

1. Army Curtiss AT-5A
was first airplane fitted
with NACA cowling:
1928.

2. Langley metal work-
ers fabricated NACA
cowlings for early test
installations.

design had been established, but in most in-
stances as a strut-braced layout. Its designers
were unsure of the problems of flutter and aero-
elasticity.

By the end of this second decade, the biplane was
almost as dead as the dodo. Military and com-
mercial craft were internally braced, unstrutted
monoplanes, with sleekly cowled engines, retrac-
tible landing gear, and wing flaps. The design
revolution of the early 1930s had been sparked by
developments at Langley.

The propeller research tunnel, which began
operating in 1927 at the end of Langley’s
first decade, began to pay off its investment
in the earliest years of the second decade.

For the first time, an aeronautical labora-
tory had a research wind tunnel big enough,
and versatile enough, to test full-size air-
craft components. There was an additional
benefit; the scale of testing was physically
large enough so that tiny components,
which would have been nearly invisible on
the small wind tunnel models previously
used, could be evaluated. This was to make
possible a whole new world of test studies
that would result in detailed refinement of
many aircraft to come.

The first program in the propeller research
tunnel was directed toward the problems
stated by the Navy and industry earlier:
The reduction in drag and improvement in
cooling efficiency of an air-cooled engine.

The result, after systematic wind tunnel
testing, was the construction and installa-
tion of an NACA-designed cowling on a
Curtiss AT-5A advance trainer of the Army
Air Corps. The NACA Annual Report for
1928 said that . . . the maximum speed
was increased from 118 to 137 mph. This

is equivalent to providing approximately

83 additional horsepower without addi-

tional weight or cost of engine, fuel con-
sumption, or weight of structure. This
single contribution will repay the cost of
the Propeller Research Tunnel many
times.”

The Wright R790-1 air-cooled engine which
powered the AT-5A was rated at only 220
hp. The additional equivalent of 83 hp.
was a staggering boost in available engine
power, or an equally staggering reduction
in engine drag, depending on the viewpoint
of the designer.

NACA received the 1929 Collier Trophy
award for the development of the cowling.
The Trophy, an annual award for the
greatest achievement in aviation in the
United States, was presented in 1930 to

Dr. Joseph S. Ames, then NACA Chairman,
bv President Herbert Hoover.

The design revolution had begun. The
NACA cowling was to become the standard
enclosure for air-cooled radials, and was

to be continually revised and improved in
the future. The dramatic reduction in cool-
ing drag produced by the cowling led
designers to ask for, and NACA to look

for, other areas where drag could be reduced
substantially.

One obvious source of drag was the fixed
landing gear, long recognized as a prime
producer of built-in headwinds. The Sperry
Messenger was tested in the propeller re-
search tunnel, and its fixed landing gear
was found to account for nearly 40 percent
of the total airplane drag. These measure-
ments were the first to pinpoint the exact
amount of drag caused by the landing gear,
and the first to show the performance
penalty incurred by not retracting the

gear.

Still working in the interests of drag re-
duction, NACA engineers looked at a tri-




motored Fokker transport powered by
Wright J-5 Whirlwind powerplants. Cowl-
ing these engines, they rcasoned, should
make a substantial improvement in the
performance of the airplane. But it didn’t,
and they began to wonder why:.

The wondering led to the belief that maybe

the awkward powerplant installation had
something to do with it. The standard
design of the period was to support the
engines above or below the wing on a
strutted structure, whose dimensions were
determined by eye rather than by any
aerodynamic considerations.

Studies in the propeller research tunnel
soon showed there was an optimum posi-
tion for engine nacelles, and it wasn’t
above or below the wing. The optimum
was for the nacelle to be faired into the
leading edge of the wing; the improvement
again was marked.

Meantime, NACA had been conducting
systematic investigations of propellers, of
airfoil sections, of high-lift devices, of inter-
ference drag between fuselage and wing,
or fuselage and tail. Wing fillets were de-
veloped, and reported in a 1928 Technical
Note. Even the drag of small fittings, such
as a protruding gasoline tank filler cap,
could be measured and its effect on
performance assessed.

The quiet revolution was well underway.
For the first time, designers could build a
“clean’ airplane, could estimate its drag

and performance more accurately, and
could understand the possibility of a small
change causing a major increment in
performance.

The availability of the NACA cowling,
propellers of increased efficiency, more
efficient airfoils, wing fillets, and knowledge
of the mechanism of drag led directly to
the change in design from the strutted
biplane to the sleek monoplane.

No longer could a designer argue that it
wasn’t worth the weight and complexity
to retract the landing gear for those few
miles per hour. The aerodynamicists could
tell him that those miles per hour weren’t
few, and that retracting the gear could
mean the difference between winning and
losing a contract.

Even before the NACA cowling had been
completely developed in the propeller re-
search tunnel, NACA realized that a full-
scale tunnel would be a necessity. Airplanes
would be bigger thar. the 20-ft. throat test
section of the PRT, and the work loa<i of
full-scale airplane testing was bound to
increase as soon as industry and the mili-
tary realized the advantages of such test
work.

The need for the full-scale tunnel was first
outlined in a letter from Dr. Ames to the
Director of the Bureau of the Budget.
Construction began in January, 1930, and
the tunnel was officially dedicated at the
sixth annual conference in May, 1931.
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1. Langley’s variable-
density tunnel, damaged
by fire in 1927, was
photographed in March,
1929, when tests began
again.

2. Military aircraft of the
decade, shown during
tests in the full-scale
tunnel at Langley:
Boeing PW-9 of 1925,

3. Vought 03U-1,
in 1931 the first com-
plete airplane to be
tested in the full-scale
tunnel.

4. Douglas XO-31 of
1930.




Other research facilities at Langley grew
out of specific needs. Some research work
had been done in 1927 on the prevention
of aircraft icing by thermal systems, but
the study had been completed without
further action. Early in 1928, the Assistant
Secretary of Commerce for Aeronautics
called a conference of military and govern-
ment agencies, including NACA, to study
the causes and prevention of ice formation
on aircraft. A few days earlier, the Navy’s
Bureau of Aeronautics, frequently a pioneer
in defining a problem area, had asked
NACA to determne the conditions under
which ice forms on an aircraft, and to
develop some means of prevention.

The result was NACA’s first refrigerated

. wind tunnel, which began operations dur-

ing 1928. Its aim was to study ice forma-
tion and prevention on wings and propel-

- lers of aircraft, and its tests pointed the

way toward the successful development
of schemes to prevent, or remove, ice
accretions.

These studies grew into a major effort that

' later won another Collier Trophy for an

NACA scientist. Lewis A. Rodert, who

; 'At the time when airplanes were routinely

began his NACA career at Langley, won 17
the 1946 trophy “for his pioneering re-

search and guidance in the development -
and practical application of a thermal

ice-prevention system for aircraft.”

Rodert conducted most of his basic research
from 1936 to 1940, during which time he
was in the Flight Research Division of
Langley. He transferred to the Ames labor-
atory in 1940, and was Chief of Flight
Research at the Lewis laboratory when he
won the Collier Trophy.

In 1928, the Army’s experimental flight-
test facility at Wright Field had begun a
series of tests to determine the spin charac-
teristics of aircraft. Two years later, L.angley
had started to operate a free-spin wind
tunnel, in which models could be spun in

a manner simulating the dynamics of full-
scale, free flight.

This led to the construction of a larger
spin tunnel, with a 15-foot throat and ad-
justable airflow velocity so that the model
could be held at one position in the throat
and observed visually from outside the
tunnel.

The success of this type of wind tunnel led
NACA directly to the more complex free-
flight tunnel, a major research tool which
has given birth to a range of test techniques
used with models of today’s aircraft.

The first of Langley’s hydrodynamics test
tanks was completed in 1931, to serve the
research needs of the seaplane and am-
phibious airplane designers. The wind
tunnels would provide aerodynamic be-
havior of the aircraft; the test tanks would
analyze the behavior of models on the
water in an analogous manner.

The tank was 2,000 ft. long, although later
extended to 2,900 ft., and was used pri-
marily to determine the performance char-
acteristics of hull shapes. By towing the
model hull through the water from a stand-
ing start to a simulated takeoff speed,
Langley scientists could determine the
hydrodynamic performance of the hull and
suggest changes or improvements in the
basic design.

The tow tank was used also for systematic
development of families of hull shapes. In
later years, a second tank, 1,800 ft. long,
was built. In that tank, simulated forced
landings on water would be done with
landplane models, and still later the Mer-
cury, Gemini and Apollo water-landing
techniques would be checked out using
the same tank.

logging speeds of less tnan 200 mph., NACA
was looking ahead to the future where
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speeds up to 500 mph. might be possible.
Late in 1933, NACA outlined its needs for
a 500-mph. wind tunnel, called then the
“full-speed” tunnel, and estimated its cost
at under a half million dollars in a letter
to the Federal Emergency Administration
of Public Works. Construction of the tun-
nel was completed in March, 1936, and it
began operations in September that year.
Its test section had an eight-foot diameter,
enough to investigate large models of air-
craft and some full-scale components.

The eight-foot tunnel was to become a
pioneering tunnel in high-speed aero-
dynamic research in this country, and was
to be the foundation of the future structure
of Langley’s brilliant work in the high
subsonic speed range and on into the
mysteries of the transonic region.

Other pioneering facilities were designed
and started during this second decade.

The 19-foot pressure tunnel construction
contract was awarded early in 1937, and
late that year the first low-turbulence wind
tunnel entered construction.

The 19-ft. tunnel was a leader in propeller
research, because it could test a full-scale
propeller in a close approximation of its
operating range.

The low-turbulence tunnel was to become
the source of the NACA low-drag (laminar
flow) airfoil.

Still closely coordinated with the aero-
dynamic work at Langley was the job of
flight research. A new kind of aircraft
called an autogyro had been flown in the
United States for the first time in 1928.
This was the first departure from the fixed
wings of the basic Wright brothers design,
a radical approach providing lift by using
rotating wings.

During 1931, Langley bought a Pitcairn
PCA-2 autegyro and started its work on
rotary-wing aircraft. The PCA-2 was in-
strumented and test-flown. Its rotor was
tested in the full-scale wind tunnel for
correlation between tunnel and flight tests,
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and a model of its rotor was tested in the
propeller research tunnel to determine

scale effects. A camera was mounted on the
hub of the rotor to photograph the blade
behavior during flight.

The flight tests of the PCA-2 included some
measurements during severe maneuvers,
with results still applicable to the fast-
moving helicopters of today. That particu-
lar autogyro had a fixed wing surface to
carry some of the weight of the aircraft in
normal forward flight. The flight tests

made at Langley included some work in
which the incidence of the wing was varied,
so that it carried a different proportion of
the. aircraft weight in each of a series of
tests. These experiments indicated some of
the problems faced today by designers of
high-speed helicopters, who want to unload
the rotor by using a fixed or variable wing
surface to generate additional lift.

This was the first major project accom-
plished by the rotary-wing research group,
a small unit which has been maintained
throughout the years to specialize in the
problems of rotary-wing systems.

Flight research was maturing rapidly. Dur-
ing 1931, a landmark report was published.
NACA Technical Report 369, titled,
“Maneuverability Investigation of the
F6C-3 Airplane with Special Flight Instru-
ments”, was the first published report
which dealt with the handling qualities of
aircraft, a task that has occupied many

of the Langley and other NACA/NASA
personnel to this day.

In 1932, the flight research laboratory was
officially opened. It was a separate area,
with hangar space for aircraft, its own
repair shop, and office space for the staff.

During 1933, the forerunners of two great
families of airliners first flew: The Boeing
947 and the Douglas DC-1. Both were
radical departures from their predecessors;
both were all-metal, low-winged craft,
with cowled, air-cooled engines and re-
tractable landing gear. They had two

Boeing XBFB-1 of 1934,
last of the fixed landing-
gear military aircraft.
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Boeing P-26 of 1935
during flap development
work.

engines instead of the more-commory tri-
motored arrangement. With both engines
operating, performance was outstanding.
But if one engine failed, the available power
was halved, instead of being reduced only
by a third.

The engine-out situation became a primary
concern of industry, and Langley was asked
in mid-1935—six months before the Douglas
DC-3 first flew—to evaluate the handling
and control characteristics of a twin-en-
gined airplane with one engine inoperable.
The program had been suggested by the
Douglas Aircraft Co.

Other research paralleled the aerodynamics
and flight work. A new engine lab had
been opened in 1934, and began to play an
important part in powerplant development.
Part of the workload was directed toward
solution of existing problems, generally
associated with the cooling of air-cooled
engines.

But some of the research was aimed at find-
ing out the fundamentals of the internal
combustion engine, a type of powerplant
that had been operating for years without
any real understanding of what went on
inside its cylinders.

NACA wanted to find out, and initiated a
series of research programs on the funda-
mentals of fuel ignition and burning. Goose
down was used to show the air flow patterns
of air and mixed gases inside a cylinder,
and the motions were stopped by high-
speed cameras developed at Langley.
Research on aircraft structures was the
province of a handful of engineers at Lang-
ley. Yet out of the very early years grew a
program that is still active today, and a
basic research instrument that is installed
on fleets of military and civilian aircraft
flying at this moment. It started as a V-G
recorder, to measure the vertical accelera-
tions experienced by an airplane flying in
rough air. The aim was a simple one: To
gather statistical data about air turbulence,




its frequency and intensity, and from that
data, to evolve criteria for design of aircraft.

Today, a sophisticated form of recorder is
installed in aircraft of all types and sizes
and performance capabilities, from single-
engined private planes to the eight-engined
jet bombers of Strategic Air Command.
The wealth of data is analyzed by com-
puter techniques, and continues to expand
the range of man’s understanding of the
phenomena of flight.

By the end of the second decade, the design
of aircraft had changed for all time. The
all-metal, low-winged transport ruled the
airlanes, and its sister ships made up the
bulk of the military air fleets.

One of the newest military craft was the
Boeing Model 299, prototype of the B-17
“Flying Fortress” series, which had flown
in mid-1935. In its early flights it surpassed
predictions and expectations, and Boeing
went on record with a letter to NACA
which said, in part:

“You may recall sending us, some time
ago, the data which you had obtained on
the so-called ‘balanced flap’. It appeared
to give such promising results that we
decided to use it on our model 299 bomber.

““We were also much gratified to find that
the NACA symmetrical airfoil lived up to

- our expectations. It appears that in addi-
tion to the effectiveness of the flap, the
ailerons are more effective, for a given area,
than with the conventional airfoil.

“So, with the use of the NACA cowl in
addition, it appears your organization can
claim a considerable share in the success of
this particular design. And we hope that
you will continue to send us your ‘hot
dope’ from time to time. We lean rather
heavily on the Committee for help in
improving our work.”

But in spite of the enthusiasm of such en-
dorsements of the work and contributions
of NACA, a nagging feeling had persisted
that more could be done. The possibility
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existed that other countries were making
more positive contributions to their aero-
nautical industries than NACA was making
to the industry of the United States.

The scientific challenge to the aeronautical

research supremacy of the United States

had been recognized and was voiced

strongly in the 1937 Annual Report of the

Committee to the Congress and the Presi-

dent of the United States. The report ex-

plained that, up until 1932, the laboratories

at Langley were unique in the world, and

were one of the chief reasons that this

country was the technical leader in aviation. ;

But since then, much of that equipment
had been duplicated abroad and, in some
cases, had been bettered so that Langley’s
equipment was no longer the best.

The report went on: ‘“This condition has
impressed the Committee with the advisa-
bility of providing additional facilities
promptly as needed for the study of prob-
lems that are necessary to be solved, in
order that American aircraft development,
both military and commercial, will not fall
behind.”

For some time, the warning went unheeded;

Langley and NACA continued to work

under pressure, making do with facilities :
and equipment that were beginning to show ;
their age. There was no particular reason '
to improve the laboratories, no overwhelm-

ing problem that couldn’t be handled in

the ordinary routine of NACA’s working

day. In a way, the attitude reflected the

general American view toward all world

problems, not just the specific problem of

maintaining aeronautical leadership,,

The war in Europe was far away; this

country was beginning to pull out of the

crushing depression of the early part of the

decade. Things looked reasonably good,

and who really cared if foreign scientists -

were testing rocket motors or developing

dive bombers? What difference did a 26
supersonic wind tunnel in Italy make?
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1038-1947

World War 11 dominated the third decade of
Langley’s work. It broke out in September 1939,
and before it was concluded officially in Septem-
ber, 1945, ihe shape of aircraft had been
changed again.

A landful of technical developments caused this
szcond revolution in atrcraft design. Sweepback,
an aerodynamic innovation discovered almost
simultancously by several investigators, was ex-
ploited in advanced fighter and bomber projects
by German engineers.

Jet propulsion, another example of parallel dis-
covery and development, made great strides dur-
ing the war. The first aircraft powered by a
turbojet was flown in German, on August 27,
1939; both Germany and Britain had operational
jet-propelled fighters before the war ended.

Rocket development was paced by the demands of
war. The first German V-2 (A4) ballistic mis-
stle was fired unsuccessfully twice in 1942 before
its first successful launching in October that year.
It was to become operational as a field weapon
less than two years later, only a few months
after the pulse-jet powered V-1 flying bomb was
used to bomb London.

Guided missile warfare started in August 1943
with the German use of radio-controlled rocket-
powered glide bombs against ships.

Muclear weapons were conceived, developed, tested
and used operationally during World War 11,
culminating in the bombs dropped on Hiroshima
and Nagasaki.

Missiles as defense weapons received their first
tmpetus when Project Nike was originated in
February 1945, to strike at high-altitude, high-
speed bombers that would be coming into service.
The destruction of war gave way to the pursuit
of more peaceful atms in aviation after the sur-
renders in 1945. Landplane speed records were
shattered, first by the British who moved the
mark over the 600-mph. point with Gloster
Meteors basically the same as those used opera-
tionally by the Royal Asr Force near the end of
the war.
Passenger service across the Atlantic had begun
in 1939 by Pan American. A little more than
seven years later, the British De Havilland Air-
eraft Co. received an order to build two proto-
Ypes of a four-jet passenger-carrying afréraft
which would become the Comet, the world's first
Jet transport to enter scheduled service.

The first of the research aircraft, Bell’s rocket-
propelled X-1, had been conceived and designed
during the war. It made its first gowered flight
in Decemuer, 1946, and in October, 1947, Air
Force Capt. Charles E. Yeager flew it through
the speed of sound for the first time and pioneered
the way into the age of supersonic flight.

The month before, a serious research refort issued
by the Rand Corporation stated that man-made
satellites of the earth were completely feasible.
Others had said essentially the same thing before,
but they had been regarded as visionaries at best,
and as craskpots at worst. The Rand Corpora-
tion was operating under funds allocated by the
U. §. government, and had made the . ‘udy
spectfically for the new Department of Defense.
The pronouncement had to be taken seriously, and
it was, after the initial speculation by enthusiasts
who: saw supermarkets in the sky, giant lenses to
burn the enemy, launching sites for atomic bombs,
and a host of horrible posstbilities in what was
essentially a simple statement that certain tech-
nology now appeared to be avatlable.

The earth satellite was not to be for this decade,
but the Rand report was @ benchmark in man’s
measured tread to the stars. Now there was hope
that the technology of war could be turned to the
peaceful development of space.
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Grumman XT4F-3
prototype was tested in
the Langley full-scale
tunncl late in 1939;
production modcls,
modificd by Langley
tests, were F4F-4 “Wild-
cats”, fighter mainstay
of the U. S. Navy carly
in World War 2.

ERIC o

Aruitoxt provided by Eic:

An experimental Navy fighter airplane, the
Brewster XF2A-1, was delivered to Langley
in April, 1938, for tests in the full-scale
wind tunncl. Systematically, Langley engi-
neers measured the drag of the airplane
and of individual parts: Exhaust stacks,
landing gear, machinc-gun installation and
the external gun sight. When they reported
the results of the tests, they concluded that
the top speed of the airplane could be in-
creased by 3! mph,, more than a ten
percent improvement in performance.

This landmark test was the first in a long
series of clean-up programs performed for
the Army Air Corps and the Navy Burcau
of Aeronautics. The success of the test pro-
gram established the technique as standard
for both the Army and Navy, and produced
useful design data applied to future airplane
projects. :

By October 1940, 11 different airplanes had
been tested in the fullscale tunnel, in a
clean-up progrdm of unprecedented pro-
portion. A summary of the tests was
published that month as an NACA Ad-
vanced Confidential Report, to be circulated
only to industry and the military. The con-
clusion stated that ... the drag of many
of the airplancs was decreased 30 to 40
percent by removal or refairing of inefh-
ciently designed components. In onc case
the drag was halved by this process. Em-
phasis on correct detail design appears at
present to provide greater immediate possi-

Mo

bilities for increased high speeds than
improved design of the basic ei=ments.”

The implication of the report was clear.
Insufficient attention to detail design was
causing major performance losses. It did no
good to build a clean wing, with low drag
characteristics, if the wing was dirtied by a
machine-gun installation that protruded at
a critical juncture. The machine-gun in-
stallation was necessary; but so was maxi-
mum performance of the airplanc. As a
by-product of these tests, designers began
to realize that airplane design had to be a
compromise between the theorctical ideals
of the aerodynamicist’s drcam and the
practical values of operational requirements.

As the clean-up program grew, so did other
programs at Langley. The pressurc was on,
higher than ever, and in 1938 the Annual
Report again cited the need for additional
facilities. Structural rescarch, the Committec
warned in a letter to the Congress, pro-
duced the greatest single need for new
additional equipment because of increases
in size and speed of aircraft. Further, said
the Committee, the interests of safety and
of progress in acronautics demanded that
the structures facilities be added at the
carliest possible date.

In October, 1938, a Special Committece of
NACA was appointed to study thc nced

for facilities and to make recommendations.
The Committec’s December report urged
the immediate establishment of another
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research laboratory at Sunnyvale, Califor-
nia, plus the augmentation of the Langley

facilities by a structures research laboratory

and a stability wind tunnel.

Congress finally authorized the Sunnyvale
station in August, 1939, just days before
war broke out. With Europe starting to
burn, ground was broken for the new
laboratory at Moffett Field, Sunnyvale.

A second Special Committee, headed by
Charles A. Lindbergh, was appointed fol-
lowing the outbreak of war, and within a
few weeks turned in a report strongly
recommending a third research center for
powerplant work. The report said that
there was a serious lack of engine research
facilities in the United States. ‘At the
present time, American facilities for re-
search on aircraft powerplants are inade-
quate and cannot be compared with the
facilities for research in other fields of
aviation.”

By mid-1940, Congress had authorized a
new powerplant research facility. Earlier
in 1939, money had been requested for an
extension of the facilities at Langley as
part of a supplemental budgetary request
which included funds for the Sunnyvale
lab. In November, Langley was authorized
to take over additional acreage at Langley
Field as the site for a new 16-foot high-
speed wind tunnel, the stability tunnel, the
structures laboratory, and supporting
facilities.

The structures laboratory was completed in
October, 1940, and the stability wind tun-
nel in January, 1942, along with a second
towing tank for seaplane development, and
an impact basin where hull loads could be
measured during simulated water landings.

During 1941, both the low-turbulence pres-
sure tunnel and the 16-foot high-speed
tunnel became operational in wartime ex-
pansion. Langley capabilities had to increase
at the: same time that it was losing staff
members to help organize and operate the
new station at Sunnyvale, now named the
Ames Research Center after Joseph S.
Ames, NACA Chairman for 20 years.

With this exodus hardly out of the way, a
second began. Congress had authorized the
construction of the engine research labora-
tory in mid-1940, at a site near the Cleve-
land, Ohio, municipal airport. The new
laboratory was to be geared solely to the
problems of power generation and propul-
sion, from the fundamental physics of com-
bustion to the flight-testing, in instrumented
aircraft, of complete powerplant installations.
Personnel for the new center at Cleveland
also were drawn from Langley laboratory

staffs. Some idea of the magnitude of the
staffing problem can be gained by com-
paring employment figures at Langley
before and at the end of the war. In 1939,
before the expansion moves, Langley had
524 people on its rolls, of which 204 were
professional people. At the end of the war,

more than 3,200 were employed at Langley.

During this third decade, the primary job
at Langley was to refine the basic airplane
that its earlier researches had made pos-
sible. The propeller-driven, all-metal air-
plane with a low wing, cowled engines,
retractable landing gear, and flaps needes
refinement. Engine power was on the rise,
and corresponding improvements in air-
plane performance were possible. But the
airplane had to be designed carefully,
especially in detail, if maximum advantage
was to be gained.

The drag tests on the Brewster XF2A-1
pointed the way. At first in routine pro-
grams, and later under the pressures of
wartime demands, airplane after airplane
went through the Langley tunnels, through
the flight research department laboratory,
into the spin tunnel, in model and full-size
form, until all that could be known about
the airplane was measured and reported.

At one tirne in July 1944, 78 different
models of airplanes were being investigated
by NACA, most of them at Langley.

Spin tests were made in the Langley free-
spinning tunnel on 120 different airplane
models. The atmospheric wind tunnel crews
tested 36 Army and Navy aircraft in de-
tailed studies of stability, control, and
performance.

From these tests came a wealth of data,
first for the correction of existing problems,
and second for the designers’ handbooks.

These tests were backed by theoretical
investigations and experimental programs
that developed airplane components to the
highest degree attainable at the time. As
one example, in June 1938, Langley’s low-
turbulence tunnel began tests of an airfoil
whose contours differed from earlier de-
signs. The point of maximum thickness
was farther aft, and the trailing portion of,
the airfoil showed an odd reflexed form.
The measured drag was about half of the
lowest ever recorded for an airfoil of the
same percentage thickuess, and the investi-
gation became the starting point of Langley’s
development of a series of low-drag airfoils.

Less than two vears later, the British were
to give North American Aviation 120 days
to come up with a fighter prototype that
met their requirements. The fighter became
the famed P-51 “Mustang”’, after consider-
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able development. It was one of the first
fighters to use an NACA low-drag airfoil,
developed at Langley as part of the overall
family of laminar-flow ai:foils.

Flight research work on a variety of air-
planes began to build a backlog of corre-
lated experiences on the flying and handling
qualities of airplanes. Early pioneering
work at Langley had given pilots a new
appreciation of flying qualities, and the
wartime tests sharpencd that appreciation.

As performances increased, so did some of
the flight problems. Again using the sys-
tematic approach, Langley pilots and engi-
neers developed measurable handling and
flying qualities for aircraft, and further
defined them in terms of wind-tunnel
measurements.

After 19 airplanes had been systematically
tested in flight, Langley engineers prepared
a summary report on the group. The report
included suggestions for minimum criteria
to define a ‘“‘good” aircraft from the view-
point of its handling characteristics.

That report became the foundation of the
extensive work tc be done later by NACA,
the military services and industry. Also, it
was a spur to the writing of a military
specification on handling qualities, thc first
such to be written in this country.

Other work at Langley during the wartime
period included an extensive study of wing
planform shapes and their effects on the
stalling characteristics of an airplane.
Variatious in taper and thickness ratio,
sweepback and twist, were investigated in
wind tunnels.

Aircraft loads in maneuvering flight, still
somewhat of a mystery, were studied in
flight, in the wind tunnels, and by theory.

Changes in stability and control due to
engine power, another misunderstood flight
phenomenon, were delineated in flight test
and in the Langley tunnels.

The NACA cowling was refined further
for a higher speed range. A special flush-
riveting technique was developed to reduce
the parasite drag of airplanes.

One pursuit plane was plagued by a series
of in-flight tail failures. Langley engineers
isolated the problem, helped suggest a
solution. The plane went on to be one of
the fondly remembered fighters of World
War 2.

Another Army pursuit developed a “‘tuck”,
a tendency to steepen its dive until it
“tucked” past the vertical into a partially
inverted attitude, and trouble began. Wind
tunnel tests at Langley in the eight-foot
high-speed tunnel, and by the manufac-
turer, unearthed the problem. Langley
suggested the dive-recovery flap, based

N el

partly on that experience and partly on
some earlier test work authorized to
develop a dive brake for airplanes.

Over-the-water combat flights, and the
numbers of crews lost in ditching on the
water, quickened interest in a way of
getting un airplane safely onto the water’s
surface. Langley’s hydrodynamics test
facilities were turned to a high-priority
program of testing scale models in simu-
lated water landings and recording their
behavior in motion pictures.

Some of the aircraft couldn’t have been
more poorly designed for landings on water.
Belly intakes, bomb-bay doors, or wheel
wells scooped up water and served to
somersault the airplane. They sank,
inverted.

The answer was to develop some kind of
a ditching flap that would counter the
effect of the scoops and bays and wells.
Langley work produced such a flap, but it
was never used on any aircraft. The pro-
duction changes were regarded as too
extensive.

An experimental model of an Army pursuit
plane had weak ailerons, a design defect
that could prove dangerous in combat
maneuvering. Langley pilots flew the plane,
measured its performance; on the ground,
engineers pondered the problems and sug-
gested a dual approach. First, they doubled
the deflection angles of the aileron, which
increased its effectiveness. Then they
balanced the ailerons aerodynamically, so
that the response was light and quick.

The result was an airplane with doubled
roll performance, and one that set new
standards by which later fighters were
judged.

These were typical problems faced at Langley
during the war years. It was the urgency
of war that predetermined the direction of
so many of the NACA programs. Most of
them were aimed at the “quick fix” that
would get an airplane out of its current
troubles.

But most of the air war was fought with
airplanes that had been designed before or
early in the war, and many of these had
drawn on basic NACA data for their de-
signs. Secretary of the Navy Frank Knox
said in 1943: “The Navy’s famous fighters
—the Corsair, Wildcat and Hellcat—are
possible only because they are based on
fundamentals developed by the NACA. All
of them use NACA wing sections, NACA
cooling methods, NACA high-lift devices.
The great sea victories that have broken
Japan’s expanding grip in the Pacific
would not have been possible without the
contributions of the NACA.”




As the war progressed, speeds kept edging
up. The pursuit airplanes that experienced
compressibility troubles emphasized the
need for understanding this new charac-
teristic of high-speed flight. It was one
thing to fix a problem of high-speed flight
temporarily; it could be done empirically,
through tests in the Langley tunnels, or
by carefully controlled and instrumented
test flights.

But to avoid this problem from the start
meant that the designers had to have a
backlog of information, the very kind of

‘ data that NACA and the industry had

. been too pre-occupied to collect during the
war years.

In spite of the wartime work load, Langley
staff members had been thinking about
some of the problems of high-speed flight.
In 1939, for example, the Airflow Research
staff had another look at the basic con-
cepts of jet propulsion, a long-known prin-
ciple that had briefly come to light in a

In this respect, NACA scientists were not
alone. In other countries, their counter-
parts were looking at and working on the
problems of jet propulsion. The Germans
were close to flying an experimental jet-
propelled airplane. The British had written
a specification for their first. The Italians
were flying a rudimentary jet-propulsion
scheme in a test-bed aircraft.

1923 Technical Report published by NACA.

But jet propulsion, in 1939, seemed like the
answer only to the interception problem.
That was not the major concern of the

U. S. military services, who were struggling
to get every bit of rang= out of their air-
craft for strategic reasons. Back iato the
files went the jet propulsion reports.

Another example of high-speed research
was started in 1941, when a group began
to test in the eight-foot high-speed tunuel,
working on propeller designs that could be
used to drive an airplane at the then-
unheard-of speed of 500 mph. Langley per-
sonnel in this group were the nucleus of
later work on high-speed flow that was to
win the agency two more Collier Trophies.
Working in the high-speed wind tunnel was
a guaranteed way to unearth the problems
of attaining high speeds. But it was only
one of the methods that NACA tradition-
ally had used to obtain design data. Flight
tests had to supplement the wind tunnel,
and a variety of other kinds of tests in
special facilities, such as the free-flight
tunnel, had to be integrated into a test
program before the engineers believed the
data was good enough to provide a design
base.

At 500 mph., designers would be working
near the fringe of the transonic region and
the speed of sound. That speed had been
defined as a problem some years before,
when a British scientist had said that sonic

Early Curtiss P-40

fighter in drag clean-up
tests at Langley during
1940.
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1. North Amecrican
’-51B, onc of the most
cffective air weapons of

World War 2, went
through drag clean-up
tests in the Langley

full-scale tunnel late in
1943.

2. Bell YP-59A under
test in the Langley full-
scale tunnel. Plane was
service test modification
of XP-59, first United
States jet-propelled
airplane, which first
flew October 1, 1942.




speed ¢. .. looms like a barrier . . .” against
the further development of flight. The
words, “sonic barrier*’, passed quickly into
the literature and folklore of flight.

Was it a barrier, or only a smokescreen?
There was no available way to find out.

Some flow experiments had been made at
Langley by dropping instrumented and
highly streamlined shapes from high alti-
tudes, measuring forces and speeds and
correlating the two to determine the change
in drag and lift at the transonic region.

But these results were not too conclusive.

There was one acknowledged way to get
accurate transonic design data, and that
was from flight tests of a full-scale airplane,
built specifically to fly into and through the
transonic region.

In 1943, such an airplane was conceived

at Langley. More or less simultaneously,
others in industry and the military labs

had been thinking along the same lines.
The Langley study expanded and, in March
1944, was presented at a seminar attended
by personnel from the Army Air Force,

the Navy and NACA. NACA put its weight
behind the study, and proposed that a
jet-propelled airplane be built specifically
for the purpose of flight research in the
transonic region.

This was a pioneering step in aviation
history. It marked the beginning of a sys-
tematic exploration of the transonic region
in flight tests that would win world-wide
respect and reknown. Itled also to the later
stable of research aircraft operated by
NACA and the military in unique pro-
grams that supplied fundamental design
data for years to come.

Today, research aircraft like the X-15 are
being flown near the borders of the un-
known, in tests which are producing design
data for the aircraft of tomorrow.

This first research airplane was designated
XS-1, and was to be built by Bell Aircraft
Corp., where much of the original design
thinking had taken form in 1943. The con-
tract was let by the Air Materiel Command
early in 1945, and design and construction
proceeded.

At Langley, scientists were still trying other
methods. It was not so much a case of
hedging bets as it was trying to develop

test techniques that would supplement
those of full-scale flight, and which might
indicate a way to go that was cheaper

than constructing a complete airplane each
time.

One of the unique approaches to obtaining
high-speed flow was conceived at Langley
in mid-1944. It was based on the existence

of transonic flow in a small region over the
upper surface of the wing of a high-speed
subsonic airplane. A small, half-span model
of a wing shape was built and mounted,
perpendicular to the upper surface of the
wing and aligned with the airflow, near the
point of maximum thickness. The airplane
was flown into a high-speed dive, and
transonic flow developed over the wing.
Instrumentation in the mount of the model
wing recorded the forces and airflow angles
for reduction into design data after the
flight. :

Revisions in instrumentation, and specif-
ically the development of radio telemetering
techniques at Langley in 1944, prompted a
second series of bomb-drop tests. With an
installed telemetering package, forces could
be measured in flight and trarsmitted to a
ground station for recording and future
data reduction.

The problem was basically that the avail-
able operational altitudes didn’t permit
enough velocity buildup before impact of
the bombs. Consequently, the data points
never got very much over the sonic mark,
and didn’t prove too useful.

Of these techniques, the most productive
results were to come from the wing-flow
method tests. They determined that a thin
wing didn’t behave at all like a thick wing,
and that its characteristics were far superior
for high-speed flight.

Near the close of World War II, a Langley
scientist conceived the idea of wing sweep-
back as one method of obtaining higher
flight speeds. In effect, sweepback fools the
air into thinking that it s flowing over a
very thin wing, and it delays the sudden
drag rise associated with the transonic
region. In the supersonic speed range, a
sweptback wing can be designed so that it
lies entirely within the shock wave cone.
This avoids the problems of mixed flow
that would otherwise occur.

Wing sweepback was not a Langley inven-
tion, because other scientists were working
on the idea at about the same time. The
first intelligence reports that filtered back
to industry and the NACA laboratories in,
the closing months of the war showed that
the Germans had taken aggressive advan-
tage of the concepts of sweepback, in designs
of jet-propelled aircraft that—on paper—
were superior to anything under develop-
ment either in this country or in Great
Britain.

Those designs set the pattern for the post-
war years of aviation development. The
demand was for more speed, higher altitudes
of operation, more thrust from turbojet and
rocket engines. But the XS-1 had yet to
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fly. Operational German aircraft with
advanced features were so few, and the
really advanced types so experimental,
that there was no way of obtaining much
solid data from flight tests of full-scale
airplanes.

Langley had done some experimentation
with rocket-propelled models, launching
them from the ground in attempts to get
meaningful free-flight data. This looked
like a valid test technique, and the work
expanded to a point where a separate test
facility was established at Wallops Island,
Virginia, up the Atlantic coast from Lang-
ley. The Pilotless Aircraft Research Division
(PARD) moved into the area late in June,
1945, and on October 18 launched its first
successful drag research vehicle.

This was a rocket-propelled model aircraft,
designed to evaluate wing and fuselage
shapes to provide basic design information
at transonic and supersonic speeds.

The test vehicles became more elaborate.
The following June, PARD launched a
control-surface research vehicle which
evaluated controllability in roll by deflect-
ing the ailerons in a programmed maneuver.

Wallops Station has long outgrown that
original test site and now is sprawled over
portions of the former Naval air station at
Chincoteague. In recent years, Wallops
work has provided major contributions to
the Mercury, Gemini and Apollo manned
space flight programs, in tests of escape
systems and other rocket-launched vehicles.

The first flight of the XS-1 was approach-
ing, and the test work flights were scheduled
to take place at the Army Air Force flight
test area on Muroc Dry Lake, Calif. Pro-
gram personnel were moving to the area

for support of the tests, and Langley trans-
ferred 13 engineers, instrument specialists
and technical observers to Muroc. The unit

ERIC  was designated the NACA Muroc Flight

Toxt Provided by ERI

2
1. Boeing B-29 long-range
bomber model was tested
for ditching character-
istics in the Langley tank
No. 2 early in 1946.

2. Navy swept-wing
modification of Bell P-63
was tested by Langley
late in 1947 to deter-
mine low-speed stability
and stalling character-
istics.
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Test Unit; it was the origin of today’s
NASA Flight Research Center at Edwards
AFB, which grew out of the site of the
Muroc operations.

The Bell XS-1 was a conservative design.'
Its rugged structure was planned to take a
maximum load of 18 times its normal flight
loads, where most fighters were designed
for only nine times the normal load. Its
powerplant was a proven unit. The design
principles were simply stated: Avoid all
identifiable uncertainties.

One of the uncertainties was the way to
feed the fuel to the rocket engines. The
lightest weight unit would have been a
turbine-driven fuel pump, but it wasn’t
ready when the XS-1 needed it. The deci-
sion was made to go with a pressurized fuel
system, in which bottled nitrogen gas,
stored in 12 spherical containers at 2,000
psi., was used to force the fuel and oxidizer
from their tanks to the engine.

The pressurized system was heavier, and
displaced precious fuel so that only enough
was left for two and one-half minutes of
powered flight. To make the most of the
available fuel supply, Bell suggested that
the XS-1 be carried aloft under a specially
modified Boeing B-29 bomber, and air-
dropped for launch.

This would accomplish a couple of things,
they said. First, it would enable the air-
plane to be flown without power in a series
of glide flights which would establish
whether or not the basic airplane design
was righi, aerodynamically, at lower speeds.
Second, it would conserve fuel so that it
could be almost all earmarked for the dash
through the transonic region, for which the
airplane was built in the first place.

Glide flights were made early in 1946, over
Pinecastle, Florida, and the first powered
flight following air-launch was made carly
in December that year.

Back at Langley, work still was continuing
on methods to reach the same speed range
in wind tunnels, or in free-flight with models.
One of the major accomplishments during
1946 was the development of a rocket-
powered research vehicle thut flew faster
than 1,100 mph. It was part of the work
done at Wallops Island, and it was launched
to test a serics of wing planforms of dif-
Yerent sweepback angles and proportions.
The wing-flow method of transonic speed
studies was adapted for wind-tunnel use by
installing a hump in the test section of the
seven- by tenfoot wind tunnel at Langley.
Mach numbers of about 1.2 times the speed
of sound could be reached before the tunnel
*‘choked” with the shock waves of super-
sonic flight and the results became uncertain.

It was, and is, the presence of shock waves
in the tunnel test section that makes it so
difficult to obtain meaningful results around
the speed of sound. But Langley researchers
postulated that the shock waves could be
cancelled or absorbed instead of being re-
flected. If absorbed, then the test section
would be free of the reflected shocks that
disturb the flow and the measurements.

Two Langley researchers, one working with
flow theory and the other with experiments
in a small 15-inch tunnel attached to the
16-ft. high-speed tunnel, were able to estab-
lish transonic flow in a test section which
had been slotted with longitudinal open-
ings. The slotted throat absorbed the shock
waves and kept the test section clear for
measurements.

This was a breakthrough in wind-tunnel

technique. It led directly to the development

of the slotted-throat tunnel for transonic
flow studies, and later, in 1951 after the
story could be told, won a Collier Trophy
for John Stack and his associates at Langley.
In April 1947, PARD (Pilotless Aircraft
Research Division) launched its first scaled-
down airplane in a test for performance
evaluation. It was a model of the Republic
XF-91, a radical fighter design which com-
kined turbojet and rocket engines for
performance at extreme altitudes.

The success of this test program was fol-
lowed by model flight tests of most of the
Air Force and Navy supersonic and subsonic
aircraft designs.




Then, on October 14, 1947, the sonic bar-
rier no longer was a mystery. The Bell
XS-1, piloted by Air Force Capt. Charles
E. Yeager, reached Mach 1.06 on its ninth
powered flight, in a clear demonstration of
controllable flight through the transonic
region.

It was the first of many supersonic flights

to come for the XS-1 (later to be designated
the X-1 and to be joined by sister ships in
the same series with improved performance)
and, later, for other experimental and
production aircraft.

But it was the pioneering achievement of
the XS-1 program and the people associated
with it that was recognized by the award

of the Collier Trophy for 1947 to Langley’s
John Stack, Lawrence D. Bell of Bell Air-
craft, and Capt. Charles E. Yeager of the
United States Air Force.

Supersonic flight now is no longer unique.
Within a few years, airline passengers will
be traveling at speeds nearly three times
that reached during the first piercing of the
sonic range.

But in 1947, the attainment of supersonic
speed was a history-making culmination of
a long research effort that had begun early
in the war at Langley Memorial Aeronauti-
cal Laboratory (now, Langley Research
Center). It was also the first step into the
future of a new and pioneering age in
aviation—the age of supersonic flight.

Sixteen aircraft are
waiting for flight tests
at Langley during a
typical day in World
War 1L
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1948-1957

The fourth decade of research at Langley was
characterized by rapid and drastic changes in
aircraft types and performance, often shaped by
the application of new technologies drawn from
NACA experience.

In the ten years between 1948 and 1957, the

L speed of service fighters in the U. . Air Force
and Navy virtually doubled. In September 1948,
the world speed record was raised to 670.981
mph. by a siandard North American F-864
Sfighter. At the end of the decade, a McDonnell
F-101A4 “Voodoo” blasted its way to 1,207.6
mph, beating by a handsome margin the previous
record set by a British research aircraft, the
Fairey Delta 2.

Transportziton specds increased also. In 1948,
the Brit:sh flew the world's first turboprop air-
liner, ¢che Vickers Viscount, and followed it with
b the first flight, in the following year, of the

The Comet entered scheduled airline service with
British Overseas Airways Corp. in May, 1992.
. Two years later, the bright dreams were dulled
by tragedy and the Comet was withdrawn from
service.

The remarkable series of ‘X" aireraft, which
had been born during the previous decade with
the Bell XS-1, grew into a stable of diverse
types to probe and analyze new problem areas.
From the barely supersonic performance of the
original X-1, the research series blasted first past
Mach 2 and then Mach 3 speeds.

The first tentative steps toward vertical takeoff
and landing (VTOL) aircraft were taken, and
development later was spurred partly by the out-
standing success of the helicopter in the Korean
action, and a knowledge of its shortcomings.

The “Century Series” of fighters, so-called be-
cause of their numerical designations which
started with F-100, were developed and flown
during this decade, and set new performance
standare .. They also posed new stability and
control problems, such as roll coupling and pitch-
up, which were to plague their designers and
NACA for solutions.

And finally, in the closing months of the decade,
North American Aviation was awarded the con-
tract_for the XB-70 bomber, an awesome aircraft
intended to fly at three imes the speed of sound.

The airplane hae come fast and far in the decade

De Havilland Comet, a turbojet-propelled transport.

between 1948 and 1957. The Berlin Airlift,

which began in June 1948, was flown with the
piston-engined transports left over from World
War 2, and designed before then.

The Consolidated Vultee B-36 was the standard
bomber of the Air Force, and jel-propelled fighters
were just getting to squadrons. There was a
change in the offing, marked by the first flight of
Boeing’s XB-47, a six-jet sweplwing bomber,
which took to the air for the first time February 8,
194).

But the U. §S. went to war in Korea with left-
over Boeing B-29 bombers, and the first kill was
made by a North American F-82 Twin Mustang,
a piston-engined fighter.

In November 1950, the first dogfight between jet
aircraft seared the sky over Korea and set the
pattern for future combat.

In June 1951, the Bell X-5 flew for the first time.
One of the research aircraft, it was characterized
by its ability to change the sweep angle of its
wing in flight. It was the precursor of the General
Dynamics F-111A fighter and the Boeing supersonic
transport.

Air transportation made a tremendous impact on
the public during the Berlin Airlift. Three years
la’ :, air passenger miles overtook Pullman pas-
senger miles traveled for the fust time. The trend
has never reversed.

“he Boeing 707 prototype, first of a long line of
Jet transports, made its first flight July 15, 1954.
Later, the French made a unique contribution

with the Sud Aviation Caravelle, whose rear-
mounted turbojets set a style trend. The Caravelle
it flawv May 27, 1955.

In October that year, Pan American World Air-
ways ordered 45 jet transports, 25 DC-8s from
Douglas and 20 Boeing 707s. The first round of
Jet orders was sparked by this move, and the jet
race was ox.

In January 1951, the Atlas intercontinental
ballistic missile program was started. It was to
draw heavily on aviation’s scientific, engineering
and organizational talents. But more than that;

it was to become the tail that wagged the dog.
Frcm a small start, the Atlas and its descendants
grew to dominate the aircraft industry, its edu-
cational system, ils management lechniques, its .
personnel mooes and its funds. It even changed

the name of the industry to ‘‘aerospace.’!: ¢ 40
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Before the decade ended, the unexpected happened.
On October 4, 1957, a rebroadcast ‘“beep-beep-
beep” signalled that the first man-made satellite

of the earth was in orbit, and that it was Russian.
Sputnik’s signal had a mocking sound to frustrated
U. S. engineers.

The tnsult was repeated less than one month later
by Sputnik II and a passenger—the dog, Laika.

Sputniks I and II triggered a chain reaction that
ts still mushrooming today. They affected Langley
in a way that re-ortented its thinking, re-allocated
its money, and redirected its efforts. And it forced
the birth of the National Aeronautics and Space
Administration in 1958.

It was to be a long step from the first breach-
ing of the sonic barrier to the achievement
of sustained, efficient supersonic flight, \nd
nowhere was that better understood than
at Langley.

The Bell XS-1 had flown supersonically by
the “brute strength” method. It had little
endurance. It had to be carried aloft by

a mother ship to conserve the fuel which
would have normally been used for takeoff
and climb. It was powered by a rocket
engine with a prodigious appetite for fuel.
It was a great research airplane, but it
would have made a terrible operational
military or civilian aircraft.

More practical designs had to be achieved
and NACA mounted an attack on the
problems of sustained supersonic flight
along a number of salients.

The jet engine had grown up aud promised
enough thrust, at operational altitudes, to
propel a less-radical airplane than the XS-1
through the speed of sound. The general
concept of the swept wing indicated that
drag reductions were achievable, enough to
complement the available thrust and make
for supersonic flight.

Some data was available on components or
on generalized shapes that indicated trends
but didn’t solve any of the detailed design
problems. The question of how to get high
lift out of a thin wing had not been answered.
Efficient air inlets for supersonic speeds were
lacking. Control systems were still tied to
subsonic data obtained ecarlier.

And worse, there was a realization that no
longer was the airplane a simple linear design,
a finished structure made up of component
building blocks that had each been designed
separately. The design of a supersonic air-
plane, and in fact, of any efficient high-
speed airplane, was going to have to be an
integrated whole, in which each component
interacted with every other, and none
could be changed without affecting the
overall design, perhaps radically.

This was the general statement of the prob-

lem that faced Langley researchers as they
entered their fourth decade of research
work. The supersonic age was crowding in
on them. Requirements for military air-
craft were beginning to work into and
beyond the transonic region, and new data
had to be obtained fast.

Fortunately, the slotted-throat wind-tunnel
technique had been developed just a couple
of years before, and was beginning to promise
accurate results in a region where test work
had been uncertain, at best.

Wind tunnel facilities, always a strung por-
tion of the Langley laboratory, were planned
around the slotted-throat concept. A new
cight-foot transonic tunnel was first approved
for construction by the Research and De-
velopment Board of the Department of
Defense in May, 1949. In December of
that year, the original eight-foot high-speed
wind tunnel, an existing Langley facility
which had been converted to a slotted-
throat test section, ran with sustained
transonic flow for the first time.

One year later, the same trick was per-
formed in the 16-ft. high-speed tunnel
converted to a slotted throat.

This work led directly to another Collier
Trophy in 1951, awarded to Langley’s

John Stack and his associates fc: their work

in the conception, development and practi-
cal application of the slotted-throat for
transonic wind tunnels.

Continuing work by the Pilotless Aircraft
Research Station at Wallops Island paral-
leled the studies in the transonic tunnel
and extended them into the supersonic
speed range reachable with rocket-propelled
models.

Slowly, the transonic region yieldea to prob-
ing and analysis. The basic problems began
to be defined, and the numbers that were
developed in tests showed where the problems
really lay.

The biggest difficulty in getting an airplane
to fly supersonically was to get it through
the transonic region rapidly so that it
didn’t have to waste precious fuel in a slow
acceleration through the Mach one range.
The problem was that, in the transcnic
region, there was a sharp increase in drag
coupled with a corresponding decrease in
lift. Changes in lift meant that control
problems might well appear. They could
be handled, if they were defined, under-
stood and curbed. That knowledge was to
come later.

For the moment, the concentration was on
getting through the transonic region. How
could the drag be reduced?

One of Langley’s scientists, Richard T.
Whitcomb, had an intuitive feeling that the
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drag rise was due to the interference be-
tween wing and fuselage. Some tests proved,
to his satisfaction, that this was so.

Adolf Busemann, a transplanted German
scientist who had contributed to highspeed
aerodynamics over at least a decade, spoke
in November 1951 about the “pipe flow”’
characteristics of the transonic flow region.
What he meant was that cross-section areas
of the stream tubes—those nebulous sur-
faces defined by a cluster of streamlines in
air flow—didn’t change as the flow passed
through the transonic region.

Whitcomb thought about this, and between
the insight from Busemann's comments

and some additional tests, he derived the
area rule, a basic design concept which—
in the words of a Langley associate—made
sustained supersonic flight possible.

The area rule, crudely stated, says that the
cross-section areas of an aircraft should not
alter too rapidly from the front of the plane
to the back. This minimizes the flow dis-
turbance and the transonic drag rise.

For example, the presence of a wing on a
fuselage adds extra cross-section area to the
airplane. To compensate for the additional
wing area, some area must be removed
from the fuselage. The result is an indenta-
tion on the fuselage where the wing is
located. This ‘“wasp-waisted’’ appearance,
or “Coke-bottle” shape, is one characteris-
tic of the early application of the area rule
to transonic flight.

Tests of the concept as a design tool began
in February 1952, and they were quickly
applied to two military aircraft: Convair’s
XF-102, which showed no hope of reaching
its low supersonic design speed, and the
Grumman XF11F-1, which had, in the
carly design stages, a low supersonic speed
as one of the design goals.

Both airplanes later sliced through the
transonic region with little difficulty, and
with no more power than before.

The work was kept under wraps at Langley,
because it was a genuine breakthrough in
airplane design. It was finally released
publicly in 1955, when Whitcomb received
the Collier Trophy for 1954 for . . . dis-
covery and experimental verification of the
area rule, yielding higher speed and greater
range with the same power.”

The work continued, and extensions of the
transonic area rule were devcloped for
design of supersonic cruise aircraft. General
Dynamics’ experience with the F-102 design
had made the company a believer, and
they designed their B-38 bomber using the
supersonic application. It was the first
airplane to be designed by the supersonic
area rule concept, and it made its first

flight November 11, 1956.

Part of the success of the B-58 bomber was
due to a tiny delta-winged aircraft with a
fighter designation: XF-92A. This had been
built as a fighter airplane, and assigned
later to a research program to determine
whether or not the delta-winged planform
was the correct approach to highspeed
flight.

It was barely supersonic in a steep dive,
according to one of the Air Force pilots who
tested the XF-92A. But dive tests showed
that transition through the transonic region
into the low supersonic was casier with the
thin delta wing than with either the thicker
sweptwing F-86 or the straight-winged F-94,
both of which were capable of crossing

the transonic region in a dive.

The XF-92A later joined the NACA group
of research airplanes, and was extensively
tested in flight before its retirement.

That group of research airplanes, born during

Research aircraft
pioncered flight into the
supersonic range and led
the way to supersonic
fighters and bombers.
Second Bell X-1, lown
by NACA pilots from
1948, later modified to
become X-IE.
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the previous decade at Langley, in the
military services and industry, grew to be
one of the most valuable sources of aircraft
design information ever assembled.

The Bell X-1, progenitor of the series, had
flown through the sonic speed range in 1947.
A second research aircraft, the straight-
winged Douglas 1D-558-1 Skystreak, had
begun its flight test program carly in 1947,
and by August that year had established

a new world speed record of 650.8 mph.

A second D-558 design, the Skyrocket, was
developed by Douglas Aircraft and the
Navy. It featured a swept wing in addition
to a rocket powerplant in combination with
its turbojet. Three of the sweptwing craft
were built, and one of them—rocket-pro-
pelled and air-launched—Dbecame the first
aircraft to break the Mach 2 mark.

A major step forward was the Bell X-2,
intended to explore the region of flight
above 100,000 feet and up to speeds of
Mach 3. Built of K-monel and stainless
steel to solve the expected heating probles,
the Bell X-2 was powered by a throttleable
rocket engine. It was a short-lived prograni,
marked by tragic losses of both airplanes
and two pilots. But in its brief moment of
glory, the airplanc reached a peak altitude
above 126,000 feet, and a speed of Mach
3.2

But more than speed and altitude per-
formance was in the minds of the engincers
who worked with the rescarch aircraft.

43 ‘The Air Force funded a program on the

Q Northrop-built X-4, a tailless airplanc dc-
ERIC signed on the premise that climination of
the horizontal tail surface would reduce the

problems associated with wing-tail com-
binations in the transonic region. The air-
plane became a reliable test vehicle, although
its speed range was on the low side of the
transonic region.

There was an X-3, originally conceived to
explore the problems of sustained super-
sonic flight. Needle-nosed and with tiny,
straight-tapered wings, the X-3 proved to
be underpowered and cverloaded. In spite
of that, experienced pilots kept the airplane
operational over a four-year span from
1952 to 1996, and succeeded in obtaining
much data on the behavior of very thin
wings in the transonic reginn.

Flying the X-3, which was an airplane
whose inertia characteristics were different
from almost all of its predecessors, uncovered
a highspeed flight problem ot inertial
coupling. Crudely stated, the airplane wal-
lowed in the air. If the pilot wanted to
turn the airplane in a banked attitude, the
unusual distribution of the airplanc’s mass
--strung out along the fusclage, but essen-
tially zero in a spanwise direction  resulted
i a vawing motion as well. Somctimes the
yaw was wild and uncontiollable; the first
version of the North American I'-100 super-
sonic fighter broke up in the air from this
uncontrollable motion.

As a sidelight, the problem of inertial cou-
pling had been studied in theory and re-
ported by Langley in 1948. The repoit

Iz nguished in files until trouble sctin. Then
it became a keystone of the flight and
tunncl-test programs that were mounted

on an cmergency basis to solve the problem.

The fifth designated X-airplanc was a dif-




ferent approach. 1t was built around the
concept of a variable-sweep wing whose
sweepback angle could be changed in flight.
The concept was probably born, and cer-
tainly was advanced, in the Langley labora-
tories, although the genesis of the idea is
argued today and remains controversial.

The fact is that Bell Aircraft submitted a
proposal to the Air Force in July 1948 for

a research airplane whose wing sweep was
variable in flight. The USAF went to NACA
with the suggestion that the airplane be-
come part of the joint research aircraft
program. NACA accepted, endorsed the
program, and the X-5 began to take form.

How did it originate? The thought probably
occurred to several people who thought
about one of the main problems of the
sweptwing aircraft. The layout was fine for
highspeed flight, but it left much to be
desired at the low-speed end. If it were
possible to vary the wing sweep from zero

at low speeds to the optimum an,le for

high speeds, the problem could be solved.

In 1945, work at Langley began in the free-
flight tunnel on a skewed wing, pivoted on
a vertical centerline and rotating so that
one wingtip moved forward and the other
aft. This curious configuration “. . . ex-
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1. Bell X-1A, bricfly on
NACA roster in 1955,

2. Bel! X-2, flown only

by USAF pilots, was

tunnel-tested at Langley.

39



40

hibited surprisingly good flight characteris-
tics up to skew angles of about 40 degrees.”
Results were published in Technical Note
1208.

Two years later, a model of the Bell X-1
was modified for tests of variable sweep in
the Langley 7- by 10-ft. tunnel. The ex-
periments produced results that showed
variable-sweep concepts to be feasible. The
tests also showed that it would probably be
necessary to move the wing along a fore-
and-aft line in order to keep the stability
characteristics within the desirable range.

Bell’s background in research aircraft design,
and the work done by Langley in the wind
tunnels from 1945 to 1947, were combined
by Bell in the proposal for the X-5.

The airplane first flew June 20, 1951. It
became part of an extensive flight-test pro-
gram which investigated the effects of
sweep on performance and flying qualities.
The sweep angle was changed in flight
inany times with no problems.

The earlier work at Langley was proved
right, though, because the Bell X-5 was
designed—fortunately—with a mechanisin
that moved the entire wing forward as it
was swept back, in order to keep stability
and control positive.

One inportant benefit, which remains rela-
tively unknown today, was the knowledge
gained about the response of a high-speed,
highly swept airplane to gusts during fast,
low-altitude flight.

The X-5 was flown near the ground with
its wings swept fully back to 59 degrees,
and the data obtained during those runs
was to become an important consideration
in the later design of variable-sweep fighters
for their tactical role.

Prior to and during the X-5 test program,
Langley tunncls and other facilities were
used in parallel studies on inodels in wind
tunnels, at low speeds and at high, using
the transonic bump technique, and in-flight
tests of semi-span models using the NACA
wing-flow technique.

Mecantime, the Navy and Grumman Air-
craft Engincering Corp. were developing
the XFIOF-1, a variable sweep fighter first
flown in May 1952, Langley tested models
of the XFI0F-] in the transonic wind tunnel
and in flight, using the rocket-propelled
technique at PARD, Wallops Island.

The airplane was a failure, even though the
incornoration of variable sweep contributed
nothing to that failure. The e were no
serious mechanical problem: with the mov-
ing wing, but flight and oth =« limitations
on the airplane resulted in httle or no useful
data on the application of variable sweep

to a military aircraft.

1

The variable-sweep studies continued at
Langley only on an interim basis for a
number of reasons. First, in the early 1950s,
there was no military requirement for sus-
tained supersonic speeds; interest was limited
to a subsonic cruise to target areas with a
supersonic dash over the target.

Second, there was no low-level operational
requirement to minimize the chance of
radar detection. The ability of a highly
swept aircraft to fly low and fast, proven
in some of the test flights of the X-5, was
not yet to be put to the test of a military
application.

But later, a military requirement—\WS-110
—was proposed that required a sustained
supersonic cruise for a strategic bomber
design. Other military rission requirements
began to include a low-level penetration
run at high speed. The need for short-field
capabilities and ferry range in aircraft
became of military concern.

All of these considerations—sustained super-
sonic cruise, low-level penetration at high
speed, STOL capability and long ferry
range—were to coalesce later in designs
using some of the concepts of variable
sween pioneered at Langley. But for the
rem. i der of the decade, work persisted at
a low level of activity.

But WS-110 was beginning to create a
design revolution. In late 1954 the need
was advanced for a B-52 replacerient with




1. In quarter-scale, the
Bell X-1 is investigated
in the 16-foot transonic

tunncl’s slotted throat in
a Langlcy test program.

2. Dynamic models of
the Bell X-5, a variable-
sweep rescarch airplane,
show the different wing
forms tested at Langley
in the spin and free-flight
tunnels.

the capability to operate from cxisting run-
ways and to use existing maintenance facili
ties. It should have a minimum unrefuclled
i  range of at Icast 6,000 nautical miles, and

i aspeed that should be as high as possible.
b Supersonic flight over long distance, with

" the conventional airframe-engine combina-
& tions of the day, resulted in proposals for
gigantic aircraft with incredible and com-
plex layouts. The designers were sent back
to the drawing boards, and WS-110 was
reduced to feasibility studies.

North American's proposal for the WS-110
was finally chosen, and after much travail,
became the XB-70 program with all its
associated political and technical problems.
It cventually lost out to the concept of a
mixed missile-and-aircraft force, and to the
eventual replacement of that mix entirely
by missiles.

i_anglcy scicntists claiin no major role in
the concept of the B-70. But they emphasize
that the Langley rescarch program in sup-
port of the airplane directed their attention
to the problems of sustained supersonic
flight and emphasized those problems to
such an extent that they have been thinking
about long-range supersonic craise aircraft
cver since.

During this fruitful decade at Langiey, one

of the most important and significant air- 46
O plane designs of all tiine was born: The

FRIC x.15 hypersonic research aircraft. Its origin




is traccable to a docunent of Jannarv 8,
1952, from Bell Aireraft Co., who had been
associated with the design and development
of the NX-1, N-2 and X-5 rescarch aircraft
The document included a proposal for a
manned hypersonic research aircraft used
in support of a proposed NACA ¢roup
which would be forined to evaluate and
analvze the basic problems of hyper<onic
and space flicht.

In June 1952, NACN's Committee on Acro-
dynamics passed a recobition which recom-
mended that NACA increace its program
for the speed ronge between Mach 4 and
Mach 10, and thatitlook at even higher
velocities.

1. First Langlev VTOL mode!, this rdimentary
aircraft pinpointed problem arcas for subsequent test

programs.
2. Convair XFY-1. tail=itting VTOL development

aircraft, was checked in free-flight model form in the
30- by A0-ft. full-scale wind tunnel at Langlev.

3. Flaming halo was produced by ramjet propulsion
for rotor tested on the Langley helicopter test tower.

ERIC
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Langley set up a study committee to eval-
uate the Bell suggestions and an accompany-
ing proposal for a rocket-propelled, vanable-
sweep manned rescarch aircraft. In addi-
tiun, two unsolicited proposals for aircraft

of similar performance had come through
the NACA channels. One was for a two-
stage vehicle and the other was for a major
modification to the existing X-2 design.

In March 1954, NACA's interlaboratory
Rescarch Airpiane Pancl decided that a
completely new rescarch vehicle was the
better route to travel. The problem was
referred to the four NACA laboratories for
detailed study of goals and requirements,

By July that year, the studies had crystal-

lized to the point that two of them—Lang-
ley's and that of the NACA High Speed
Flight Station at Edwards—could conclude
that a2 Mach 7 rescarch airplanc was feasible
and desirable.

Air Force and Navy representatives met
with their counterparts at NACA that
month and listened to the presentation of
the proposed rescarch airplane. Following
the meeting, industry teams visited Langley
to discuss the proposals in detail.

In October 1954, the Committee on Aero-
dynamics held a meeting which produced
an endorsement of the NACA proposals.
Air Force and Navv joined NACA in a
joint task of defining the specification. Its
requirements coincided generally with the
results of the Langley study.

In December 1954, NACA madce the formal
presentation to the Air Technica! Advisory
Pancl of the Department of Defense. They
approved the idea, specifving that NACA
should be the technical managers of the
program, and that the pancl itself woild
have the chance to review proposed designs
when submitted by industry.

This was followed by a memorandum of
understanding among Air Force, Navy and
NACA, which established the Rescarch
Airplane Committee to direct the project
technically. Initial steps toward a design
compctition were taken D~cember 30 and
invitations for proposals were sent to industry.

The proposals came in the following sum-
mer, and by autumn 1935 had been eval-
uated. North American Aviation was
awarded a contract for three X-15 air-

craft in June 1956: Reaction Motors division
of Thiokol Chemical Corp. received the
enginc development and production contract.

Wind-tunnel testing and work on develop-
ment of structural components began in
1956, and was able to produce enough use-
ful data to enable constiuction of the
airplane to begin in September 1957.

The first flight of the first X-15, in a power-
less glide, was to be made in June 1959.
NACA, then NASA, did not begin to fly
the X-15 until after its delivery to the
government in March 1960.

Programs like the X-15, the XB-70 and the
development of such concepts as the area
rule and vanable swcep are the spectacular
evidence of work done in research labora-
tories. But behind these tangible forms lay
many man-years of effort in the painstaking
development of systems and components for
flight.

During the same ycars of these aircraft

developments, NACA was laying the ground-

work for the decades of supersonic flight in
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militarv and com:nercial airplanes that
would surely follow.

Configuration studies, both generalized and
specific, werr made i wind thnnels, de-
veloped in theorv, and evaluated by flight
tests with rocket-propelied models. Families
of wing planforms for highspeed flight were
developed. as were control svetems and
high-lift devices for the thin ewept surfaces.
Such acrodvnamic contribntions to the
wience of highgpeed flight as the low-sct
horizontal tail, located to avond pitch-up
problems, and inboand ailerons, which were
more cffective and les stressing than con-
ventional wingtip controls, grew ont of the
rescarch programe at Langlev. They were
applied to the Centnry Seriece of fightere,
among other aircraft.

In «tmictures, the work of the Tanglev
labor aitory found cager acceptance by the
analvete of flutter and vibration problems.
An accrlerated effort began earlv in 1955
when the 19t tannel was modifird to
enable teste of dvnamic flntter models to be
made. The tunnel then conld be rin over
a greater range of Mach mimbers and
Revnolds’ Numbers, at an altitnde range
from sca level to an eguivalent of 95.000
feet.

Tests like the ones conducted in the modi-
ficd tinnel. conpled v ith theoretical analy-
sis, enabled Langley engincers to make sig-

nifican? contributions to the development
of techniques for predicting flutter at
tranwonic and supersonic speeds,

Additional contributions were made in the
arcas of fatigne criteria and prediction of
loads on strictures in flight and on the
ground.

Helicopter work. which had begun in
pioneering effort during Langlev’s second
decade, and wae accelerated with the avail-
ahilitv of the rotor test tower in the next
derade. continued in this ten-vear period.
It involved flight tests of the new machines,
to gain an apprrciation of their handling
qualitiee and to help define them for the
benefit of future dedgns. Special helicopter
airfoil «c~tions were developed. extending
the findamental work done on airfoile by
Lancley in ite carly wind-turinel work.

Helicopter stahiliiv, a towgh nut to crack,
wae analvzed and methode were developed
to predict it. The loads imposed by enists
and manenvers were explored in flicht and
in test work on model: and fiull-scale rotors,

Fundamental work in hyvpersonic acro-
dvnamics pointed the wav toward the X-15
reccarch aircraft program. But it also laid a
solid forindation for the coming programs
in manned space flicht and the fature appli-
cations of hyvper=onic technology to commer-
cial transport.
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A landing-loads track began operation dur- 4
ing thie decade, using a car propelled by

a high-presaure stream of water. The car
could carrv tvpical aircraft landing gear,
and subject them to the dvnamic load
sitnations encountered in aircraft landings
and arrested landings.

The velocity-gravity-altitude (VGH) re-
corder, installed in many aircraft, produced
data that was used in 1950 o in2lie a world-
wide analysis of atmospher.c turbulence
and qusts to guide aircraft designers in
accounting {or these perturbations in other-
wisc-stcady flight regimes.

The flexible wing, an entirely new concept
of lifting structure. was conceived just after
the war at Langley. Patented in 1948 as a
kite, the fiexible swing has grown into a re-
markable varicty of applications where
lift-drag ratios need not exceed 3.0

This decade saw the sophisticated develop-
ment of one of the Aight reecarcher’s most
uscful tools: The filving-model technique.

This grew ont of earlier work in the frec-
spinning tunncl, where dyvnamically similar
modcls of aircraft were forced to spinin a

a vertical tunnel test section, and the behavior
was photographed and ohserved.

The idca of the free-spinning tunncl was
extrapolated to a free-flight tunncl during
the mid-1930s. The technigue was one way
to obtain dynamic stability and control

1. Structures research at Langley
included studies of

methods to control failures

of pressurized fuselages.

2. Ground loads on high-peed
aircraft landing gears

are checked on this
hvdraulic-jet propelled carmiage
at Langley's Landing Loads
Track facility.

3. High-speed jet-propelled
scaplane studics were

made at Langley.
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1. The submarine
Albacore. then the
world’s fastest, was

tested in mode) form
in the Langley (ullscale

2. Modecls of the
Convair F-102 before
(left) and after (right)
application of the area
rule were flight-tested
from the Pilotless Air-
craft Research Station
at Wallops Island, Va.
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tunnel in 1950

0

characteristics on a small-scale remotely
controlled model. By 1937 a small tunnel
had been developed which was a pilot
model for later tunncls to come.

The model work conducted in this primary
facility led to the construction of the 12-
foot Free-Flight Tunnel, which started
operating at Langley in 1939. That tunnel
was used until the carly 1950<, when an
improved technique was developed and
applied in the Langley Full-Scale Tunnel.
That technique, using remote~controlled,
powered models, is used to determine low-
speed dynamic stability and control charac-
teristics. It is primarily a qualitative cvalua-
tion, and the data is in the form of pilot
opinion and motion pictures of the behavior

of the models.
Other free-flight techniques were adapted

at Langley during this time period, includ-
ing the model airplanc enthusiasts’ U-con-
trol ideas. Langley's Control-Line Facility
started operation in 1935 primarily to in-
crease rescarch capability in studies of
transition of V'TOL aircraft. Rapid transi-
tions from vertical to horizontal flight. and
back again. can be made with the control-
line technique. Tests in the Full-Scale
Tunnel are limited to very slow transitions
because it takes a long time to change the
speed of the air stream in the tunnel.

The end of the decade saw the beginning
of serious work on hypersonic rescarch.
The X-15 program was one manifestation
of the drive to investigate the upper reaches
of the supersonic flight regime and on into
the hyvpersonic.
In 15535 Langley, along with Ames Acro-
nautical Laboratory, began to develop a
serics of high-temperature facilities for
materials and structures rescarch. High-
temperature problems had been singled out
as the main barrier to the successful achieve-
ment of hypersonic flight, and NACA
wanted to break down that barrier.
At Wallops Island, Langley was developing
and firing multiple-stage rocket vehicles,
aimed at higher speeds and altitudes. On
August 24, 1956, the division launched suc-
cessfully a five-stage, solid-propellant rocket
vehicle. It reached a speed of Mach 15,
far into the hypersonic region and begin-
ning to touch the Mach numbers that
would be encountered in ballistic missile
re-c.ntry bodies and in the return of men
fron space.
At the Langley Strictures Rescarch Divi-
sion, work began during 1956 on the arc-
jet facilities whose abnornally. high tem-
peratures generated the environment of
-entry flight. Two dozen of these arc-jet
cilities subsequently were developed and




used in research on materials and structures
for re-entry.

During July 1957, Langley engineers began
studies of the use of solid-fucl rockets to
launch and orbit a small payload. The
purpose was te develop an incxpensive
launching vehicle that could be used for
scientific satellite work.

What resulted finally from this work was
the concept and development of the Scout,
a swlid-propellant launch vehicle that ha:
been responsible for lifting many scientific
payloads into space for government, private
industry and forc.gn government space
cfforts.

Late in 1957, Langley proposed the basic
ballistic form for rc-entry from space that
was later to become the characteristic shape
of the Mercury capsule. Winged and wing-
less glider configurations for manned space-
craft also were proposed, and later would
become incorporated in the Dyna-Soar and
the Apollo programs.

This decade started with the first probing
of the supersonic region by a manned air-
craft. It progressed, rapidly, through rou-

tine supersonic flights by military pilots in
standard scrvice aircraft.

The decade drew to an end with the sudden
awarencss of the importance of space flight
and the use of space for exploration and
dcfense. Sputnik spurred the rapid develop-
ment of idcas for vehicles that could get
men into space and return them safely in
the scaring hcat of re-entrv.

The acronautical techniques developed over
the years were soon to be placed in the
service of a new technclogy whose environ-
ment was airless, where winged flight was
impossible, where aercdynamic controls
were uscless, and where turbojet engines
could not maintain their internal burning.

But those acronautical techniques were to
become among the most important contri-
butions to the success of rnanned spaceflight,
because what went into space had to pass
through the atmosphere on its way there.
And what was to come back from space
had ty traverse the atmosphere in the fiery
rush of its homeward voyage.

Langley’s work was predestined for the next
decade.
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1958-1967

To comprehend ariation’s rate of growth during
the past decade, look back to 1958. Sputnik had
Just been launched, hut the world s air travel was
being done in piston-engined airplanes cruising at
spreds comparable to those of Worle' War 2
fighters.

There wweve no yet trancports in oprrational sevrice.

The giant arrliners of the day carried 70 passen-
gos. More prople crossed the Atlantic by ship
than by air.

There were no astronauts. Man had yet to see
his oten planet from a herght greater than a few
miles. The moon was still as far mcay as the
sun, 1n teyms of w hat was knoun about 1t.

The exploration of space was being done at its
lowrr fringes with sounding rockets frred revtically
into the upper atmosphere. A frc pioneering
divers, with self—contained breathing apparatus,
were finding the depths of the ocean 1o be a new
Srontier for exploration.

But in I7. the jet trancport dominates the air-
lanes of the world, carrving as many as 230
passengers at high subcomic speeds and altitudes
near the stratosphere.

Under construction are giant transports, tiat can
carry up 1o trn times the number of people who
sat tn the airliners of a decade ago. Thr super-
sonic transport, now under construction, will
cruise the world s air routes at speeds more than
three times those of the first jets, and more than
six times as fast as the piston-engined transports
of a decade ago.

Trans-Atlantic ship travel is almost negligible
compared to trans- Atlantic air traffic.

Astronarits have orbited the rarth, walked in
space, performed manual labor in the void, photo-
graphed earth from altitudes of hundreds of miles.
Unmanned satellites and probes have landed on
the Moon, photographed its unsern side from
lunar orbit, surveved possible landing sites on its
naface.

The oceans of the world have begun to yield to
scientific and systematic exploration, made pos-
sible in many instances by the same technologies
that helped to conquer first the air and then space.
Ten years ago, jet prepulsion and sweptback
wings were for military atrcraft only, and for

the first few jet transporis that were entering
training programs with the airlines of the world.

Vertical takeoff and landing aircraft were freaks,

with freakish performance tn most cases, and far
remored from the posability of deployment with
a military sevrice.

Supersomic flight was the provinve of a few mili-
tary pilots. and the mayonity of cipersomic flight
time was bring logged well below Mach 2.0.
1itanium twas a strange word. and the amount
used in aircvaft construction could be measwred in
pounds rather than lavger umts.

But gradually, the t-ngible eridence of progress
egan to show. In October 1958, jet passenger
service was stavled across the North Atlantrc

by British Operseas Airways Corp., and that

pear, for the first time, more passengers crossed
the Atlantic by atr than crossed by ship.

In 1950, the Apollo project was offcially an-
nounced, and the Echo satellite, an inflatable

balloon for spacr flight, was launched successfully.

Cdr. Alan B. Shepard, Jr.. became America's
Sost astronant with a sub-orbital flight as part of
Project Mercwry in 1961

Four pilots of the X-15 research a:craft won the
Collier Trophs for 1961: Maj. Robert White,
USAF; Cdr. Forrest Petersen, USN: and tuo
cicihan pilots from the National Anonautics and
Space Administration, Scott Crossfeld and
Joseph Walker.

In jJune 71963, President Johr. F. Kennedy
announced that the United States was going to
develop a supersonic transport. In France and
Great Britain, a European consortium of aircraft
manufacturers already was hard at work building
a supersonic transport, still scheduled to fly early
in 1968.

On Dec. 17, 1963, just 60 pears after the Wright
brothers took to the air in hesitant flight over the
sands of Kitty Hawk, Lockheed flaw for the first
time its nawest heaty cargo carvier, the C-141A.
Other labors at Lockheed were unveiled to an
awed public when the A-11 was announced early
tn 1964. This Mach 3 airplane possessed much
of the technology that could contribute to the de-
velopment of a supersonic transport, especially in
the knowledge of the problems of sustained flight
at the tri-sonic speed which was the goal of the
U.S. SST program.

The XB-70 made its first flight, even though the
aircraft was obsolete from the day it rolled out
of the factory tnto the Sright California sunshine.
Two aircraft, which owed much of their
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conceptual designs and development work to
Langley, made first fights in 1964: The

General Dyramics F-111, a variable-siveep
Sghter, a d the tri-sercice V' TOL transport, the
XC-7424, bult by a consortium of Ling-Temco-
Vought, Ryan and Hiller.

This 50th year of Langley opened with another
landmark event in ariation. In january, con-
trocts for development and construction of the

U. S. supersonic transport weve awardead to the
Bocing Company, for the atrframe, and the
General Electric Co., for the powerplants.

To the scientists and engineers at the Langley
Research Center, this decade has seemed a little
like the situation that faced Alice, when the Red
Queen told her that she had to run as fast as she
could just to slay in the same place.

Somehoi, the work done at the Langley center
sermed to run that extra b1l faster, so that 1t
could pace these derelopments 1n ariation. And
this was done in spite of the necessary turmorl
eveated by the complete change in organization
that occurred in 1958 with the formation of the
National Aeronautics and Space Administration
from the National Adrisory Committee for Aero-
nautics and other organizations.

Langley Research Center, once the only labora-
tory for NACA, now is one of several. But 1t has
made possible, over the years, formation of other
laboratories which found their origins at Langley.
The Leuns Research Center, where porverplant
work 15 the primary objective, had its roots tn the
engine laboratory opened at Langley in 1920.

The Ames Research Center was started with a
nucleus of Langley personnel, and now shares a
portion of the development work in aeronautics
and space flight.

The off shoot work at Wallops Island now is a
Sull-fledged program which encompasses rocket
oehicles and flight-test atrcraft in a self-contained
organiZation.

The group that went to Muroc Dry Lake to help
in the flight-test work on the Bell XS-1 grew
into the Flight Research Center, formed around
the core of Langley people.

In Houston, Texas, a complete new center

has sprung up which almost dwarfs the other
operations of NASA. The Manned Spacecraft
Center, as it is now, originated as the Space Task
Group at Langley.

Familiar names from the Langley personnel rosters
dot the orgamzation charts of these later

centers. Familiar techniques learned and develoded
in the wind tunnels and other facilities at Langley
have been extrapolated to solve the advanced
problems of space flight. Familiar facilities which
once tested scale models of unswept wings and
piston-engined aircrafi now blast air at the latest
shapes of lifting bodies for recovery of astronauts
from earth orbit.

The progress of this decade has been built on the
strong foundations of the Langley Research Center.

No one action trigrered the explosive growth
of space programs in the United States
more than the Russian launching of the
Sputnik 1.

Hardly a month passced after its successful
orbiting when President Dwight D. Eisen-
hower announced the appointment of Dr.
Jamd - R, Killian, President of the Massa-
chusctts Institute of Technology, as a special
science advisor to the White Hor.se.

This was followed by a Congressional in-
vestigation of the U. S. missile and space
programs and the formation of special
committees in both hous 3 of Congress
charged with the responsibility for space
affairs.

The American Racket Socicty and the
National Academy of Sciences joined in
recommending the creation of a National
Space Establishment.

In Jannary 1958, the President’s State of
the " nion message to Congress told of the
creation of the Advanced Rescarch Projects
Agency to gather together all of the
anti-missile and satellite activitics in the
Department of Defense.

Later that month, the Senate Preparedness
Investigating Subcommittee submitted a
unanimous report which asked for the crea-
tion of an independent space agency and
the organizational overhaul of all missile
and space programs in the Dept. of Defense.
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The Preadent’s Advican Committee on
Government Oreamization recommendea
that all non-military space activitice be
gathered together into a avilian space
agencvy, using acits foundation the National
Advicary Committee for Aceronantics Preg.
dent Fisenhower approved that recommen.
dation on March 5, 1958, and on April 2.
19538, sent his hill for the ectablichment of
the civilian ageney to the Congrese,
Betwern then and Jalv 16, Congrese de-
veloped the legidlation that was to become
the National Acronautice and Space Act of
1958, It was signed into law by Preadent
Eisenhower Julv 29, [958,

In part, Eisenhower’c ctatement on the
signing of the bill <aid:

“The precent National Adviconn Commattee
for Acronautice ‘N ACA with e large and
competent stafl and well-equipped labor-
atorice will provide the nuclens for NASA
The conrdination of space exploration
responsiilities with NACA's traditional
acronautical research functions is a natural
evolution .. 7

Eiscnhower nominated Dr. T. Keith Glennan
to be the first Administrator of the new Na-
tional Aeronantics and Space Adniisnstration
and NACA Dircctor Dr. Hugh L. Drvden
to be the Deputy: Administrator. Their
nominations wrre approved and confirmed
hv Congress: the appointecs were swomn in

1. X-13 launch technique
was investigated in the
seven by ten-foot wind
tunne] at Langley with
onre-twentieth scale
models.

2. X-15 model in Langlev
supr reonic tunnel.




August 19, attended the last meeting of
NACA two davs later, and- on October | -
opened the new ageney for business.

There already had been evidence that the
natural evolution Eisenhower referred to in
his statement was no fiqure of speech. Be-
fore the establishment of NASA, manned
satcllite programs had been considered by
NACA xcientists, and the work had gone
far enough to recognize some of the prob-
lerrs of the re-entry of manned vehicles
from orhit. Three solutions had been
proposcd: T he ballistic capsule with heat
shicld, the hypersonic glider, and the lifting
body.

During the vears since the establishment of
NASA. Langley scientists have continued
to make major contributions to the scicnce
of pace flight, to develop unique test
facilitics for better understanding of the
nrobiems. and to adapt cxisting test facilitics
to new uses.

NASA was awigned responsbility for the
L. S. manncd space flight program in
August 1958 In its first week of existence,
NASA organized the Space Task Group,
and baecd it at Langley. It included 45
scicntists from the Langlev and Lewis
Rescarch Centers.

Many of the Langlev members of the Space
Task Group staff were no strangers to the
probiems of manned space flight. Before
the Group was orzanized, they had de-
veleped the concept of the “Little Joe™ test
vchicle, which became a workhorse of the
Mercury program: they had shown the
feasibility of a manned satcllitc program,
using existing intercontinental ballistic
missiles for launch vehicles and the ballistic
re-entry shape as the crew capsule. And
the contour couch concept—later used in
all the spacce capsules’ crew positions—had
been conceived and built at Langley, and
tested to prove its feasibility.

They had drafted the preliminary specifica.
tions for what was to become the Mercury
program in June 1958; when they were
appointed to the Space Task Group in
August, they were ready to go.

After that date, they designed the “Big Joc”
test vchicle, proved the feasibility of

the ablative hcat-shicld, and developed
procedure trainers for the Mercury astro-
nauts which were the foundations for the
complex simulators of later space flights.

In support, Langley Rescarch Center took
on the responsibility for planning and
contracting for the Mercury tracking
nctwork.

Langley scientists developed supporting
programs for manned spacc flight such as
Project Fire, which investigated the heat of

re-entry and its cficcts on materials;

Project RAM (Radio Attenuation
Mcasurvinents) which focussed on the
problems of transmitting through the plasma
shecath formed around a re-entering space-
craft; and the development of infra-red
scnsors to tell a spacecraft which way was
up.

The automatically inflating satellite, like
the huge Echo balloon, was a Langley con-
cept and development: so was the inflatable
spacc vehicle, which was one approach to
the problem of housing men in an orbiting
laboratory.

Re-entry speeds as high as Mach 26 were
achieved in multistage rocket firings from
the Wallops Station in a study of the prob-
lems of that unique phase of space flight.
The concept of rendezvous and the staging
of a space flight from an initial estal!ished
orbit was studied by Langley scientisis who
established the value of the lunar-orbit
rendezvous, which it the foundation of the
entire Apollo pmegrari. and which mmade the
Apollo program feasible with the available
sizes of launch veticles and crew capsules,

More recently, the highly successful Lunar
Orbiter serics of exploration satcllites, de-
signed to iransmit topographic information
about the lunar surface, was conceived at
Langley and the development program
managed by Langley scientists.

Project Mercury grew into Project Apollo,
in which the first announced goal was
simply to sustain an orbit around the earth
or the moon with a multi-man crew. It was
later expanded to tackle the job of manned
lunar exploration, and Project Gemini was
established to solve some of the problems of
orbital rendezvous and docking that would
charactcrize the advanced phases of the
Apollo program.

This is properly a history of aviztion and
the developments and contributions of the
Langley Resecarch Center to the sciences of
aeronautics. But these contributions of
Langleyv to the space cffort were summarizec
herc because they illustrate how the basic
knowledge of acronautics, acquired over the
years, has evolved into solutions to the
problems of space flight.

More than that, they show that Langley
was able to make major contributians to
the epace programs while still maintaining
its lcadership in acronautical resecarch.
The handling of such diverse programs as
the responsibility for a massive clectronic
nctwork for tracking a spaccéraft in orbit,
or the deveiopment of an inflatable space
vehicle, is a tribute to the organization of
the Langley Research Cent-r.
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These tasks were often under scientists who
worked on a space problem for one week
and then switched back to aeronautical
tasks or to re-entry physics. The work was
done while the entire Langley staff was
occupied with the problems of reorganiza-
tion under NASA, with the pressure of
expanding staff and facilities, and with the
problems of contracting for and monitoring
or managing programs with outside industrial
contractors.

The basic studies of supersonic cruise air-
craft configurations that Langley had been
pursuing for some years began to point
toward two major areas early in this decade.
First of these was the multi-mission aircraft,
a concept of a design that would be equally
efficient at high and low speeds, and at
high and low altitudes. This thinking led
ultimately to the current form of the
variable-sweep wing.

1. Shock waves festoon a
small scale model of the
X-15 in Langley’s four-
by four-foot supersonic
pressure tunnel.

2. X-15 model in Langley
supersonic tunnel.

3. New ablative coating
for X-15 changes plane’s
color from black to

white.

The other area was the development of
configurations for a supersonic transport
which found application to the Boeing
design chosen for development early this
year.

In support of both these programs, specific
solutions were found to many of the per-
plexing problems of sustained supersonic
flight. For example, the studies on air inlets,
nozzles and exhaust configurations, made
in the Langley tunnels, have been adapted
by industry to the designs of the latest mili-
tary aircraft. Base drag studies, initiated

as part of the TFX (later F-111 develop-
ment), made a major contribution in the
drag reduction program for that airplane.

It took a while before the programs got

this specific, however. In the early months
of this decade, the work on variable-sweep
was almost entirely confined to comments,
discussions and tests on the variable-sweep
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Swallow concept, developed in Great Britain,

The Swallow concept was encouraged by
Langley personnel who were asked to
conunient, and became the initial basis for
a proposal for a joint rescarch program.

The 16-ft. transonic tunnel was to be used
for some tests of the jet exits, and other
tests, f-aturing a Langley-suggested modifi-
cation of the Swallow, werc to he made.
Langlcy took on most of the job of con-
structing the model and conducting the
wind tunnel programs. The decomposition
process of hydrogen peroxide was used to
simulate jet effects in the tunnel tests, and
the Langley model of the Swallow is re-

membered today as one of the most complex

ever tested at the laboratory.

For various reasons, the Swallow work was
dropped in favor of a configuration with
engines in the fuselage, and tests were con-
tinued to study the characteristics of variable
geometry.

The tests that had been made on variable-
sweep models indicated that they all suf-
fered from major changes in stability as the
wings were swept. This was the reason that
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1. Modified Bell X-I
model pioneered variable-
sweep studies in 1947.

2. British “Swallow”
concept of variable-
sweep was tested at

Langley.

3. Model of proposed
military supersonic
attack airplane shows wing
sweep range.

the Bell X-5 and Gromman NFIOF-1
wings were translated forward as they
were swept aft.

This was a mechanical complexity that
NASA engineers believed they conld do
without, and their testing aumed toward
that goal, among others.

Parallel analytical studies on span-loading
done at Langley showed that if the pivot
points were moved outhoard, instead of
being on the centerline, the stability varia-
tion could be reduced considerably. Some
experi.nents were done on a model of this
kind of configuration and they prove i the
basic idea. It was to be the key to the
succass of the variable-sweep idea.

The outboard pivot made it possible to
sweep the wings through a large angle
without any neced for translation. Further
tests showed that supersonic cruise per-
formance potential was practically as good
as the best design-point cruise configurations
developed earlier. Mach number for Mach
number, there was little to choose from
between the variable-sweep airplane with
outboard pivots, and the best fixed-wing
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Toooad o e Ny s vonstdering an
arteratt tor oo covooat agn ;><vlln| Hidsston, and
NASN conducred g hinehue o top Navy
othicers and <tatt oo the s .llLl!»lt‘-wn‘(-p
conficination studies thae hod been de-
veloped to that point T hey were applied

to the livont of o Noaval aireraft woerching
20000 th. which w.s to be o apable of doing
the combat air patrol mission plus high-
altitude attack, and tow-level strike mis-
sions. The concept of the maltimission
aircraft seemed feasii e, in the light of the
available data on variable sweep.

The Navy airplane, even though it was a
paper design based on limited wind-tunnel
data and a paper engine, showed so imuch
performance potential that it completely
outclassed any weapon svstem then being
built or planned.

The bricfing was repeated for the staff of
the Air Force Tactical Air Command Head-
quarters, just across Langley Field, and

they suggested that the general staff receive
the same briefing. ‘This done, NASA tcams
presented essentially the same material in

a series of briefings to industry. They talked
to cight inajor acrospace contractors in less
than one month, acquainting thein with the
concept and summarizing the research.

Before inid-August 1959 Langley received a
Ietter stating that the Air Force Research
and Developiment Command was being
asked to “take a further more detailed look
at your variable-sweep design concept as a
possible solution to Air Force requirements.”’

A sccond round of briefings, presenting some
new data, was made to industry between
September 1959 and January 1960. During
a Navy bricfing, Langley scientists pointed
out that the full potential of the variable-
sweep design would best be realized if
there were a completely new turbofan
engine around which to build the airframe.

Development work continued at an accel-
eratud pace, and began to center on the
requirements of Tactical Air Command for
a fighter with extremely high performance
at low altitude and the capability of ex-
tremely long range. Langley developed a
series of design layouts, paralleling a similar
design study done by the Air Force. The
four models were completely designed in
detail of acrodynamic configurations; scale
models were built in the Langley shops,
tested at transonic specds in the eight-foot
transonic pressure tunnel, and the data
analyzed and flown to the Air Force at
Wright Field—all in the time of 13 days.
@ It wascalled Project Hurry-Up, and it
]:MC lived up to its name.




S T T v

61

Briefings, a second phase of " Hurrv-Up',
more analy ses, studies and tests followed
rapidly. Free-flight tests were made with a
model of one of the Navy configurations in
the full-scale tunnel, i a pacemaking cx-
periment in the development of vanable-
sweep aircraft. Sweep angles were varied
from 25 deg. to 75 de¢. during fRight, and
no extraordinary problems, cither of stability
or cuntrol, developed.

This work, the requirements of the Navy
and the Air Force, and the studies con-
ducted by the military services and industry
finally coalesced in February 1961. Srzre-
tary of Defense Robert S. McNan:ara
ordered that the requirements of the Army,
the Navy and the Air Force be combined
into a tri-service tactical fighter.

The detailed story of the TFX program, as
it was first called, and its evolution into the
F-!11 fighter design, has been rold beforc.
Langley’s part in the program was played
from the start, in the development of the
concept of variable-sweep that made the
inulti-mission aiccraft—of which the F-111
was intended to be only one example—
feasible. Later Langley studies provided
refined design data and evaluations for the
military and industry. Finally, Langley
engineers attacked specific problem areas
in the chosen design cven after prototypes
had been built and flown.

The work continue; today, applied to other
studies as well as to those relating to the
F-111. Part of those other studies center

on the supersonic transport.

Late in 1959, a team from Langley Research
Center summarized the technical status of
the supersonic transport in a Washington
briefing for Lt. Gen. E. R. Quesada, then
the head of the Federal Aviation Agency.

The point in time of the presentation was
just after a round of detailed briefings of
the military and industry on the potential
of the variable-sweep concept. The intro-
duction to the supersonic transport report
stated that *. . . if the mission involved
flight at only the design supersonic speed
and crusing altitude, and if no emergencies
occurred, intercontinental ranges of com-
mercial interest and importance could be
readily achieved. The intermediate range
through which the airplane must perform
to reach its supersonic cruise speed and
altitude and to descend therefrom, how-
ever, imposes problems that must be solved.
The research status as of today indicates
tha: the proper solutions to thc off-design
problems can be provided through some
form of airfraf variable geometry—such
as variable swéep“in combination with
an advanced fan-type propulsion system.

The preseat rescarch postion < that no
fundamental pooblern appears wath regard

to these otf-desagn conditons that cannot
be solved by concentrated research efforte™”

This landmark report, published later as
NASA Teclnical Note D423, = The Super-
sonic Trancport A Technical Summarny',
went on te discuss the performance, noise,
structures and materials, loads, flving quali-
ties, runvsay and braking requirements,
traflic control and operations, variable-
geomet.y designs a.d possible arcas for
perfor nance improvements.

The nresentation signaled the time to begin
serious work on development and construce
tion of an SST. Within wecks the joint
NASA-FAA program was well along, and
within the ycar, the first contracts had been
let for development of components for the
power plants, pinpointed as the pacing
problem in the SST program.

As in the casc of the F-111, Langley has

madec many contributions to the develop-

ment of the U. S. supersenic transport.
Langley scicntists have advised on the
multitude of problems, conducted theoretical |
and experimental analyses, tested models

in tunnels statically and in frec-fhght. But |
perhaps the major contribution of Langley .
to the SST program was its so-called SCAT |
series of configuration studies. i

SCAT—which was an acronym standing

for Supersonic Commercial Air Transport—
started with program status at Langley
sometime during 1962. Its purpose was to
develop a configuration that would meet
the unique requirements of a commercial
SST over the anticipated performance

range from takeoff through climb, cruise,
descent, holding and landing. One goal, for
example, was to develop a lift-drag ratio |
much greater than that of the B-70 at

cruise. Other aims included the ability of
the final configuration to operate at off-design
conditions economically and efficiently.

The Langley studies settled down into iwo |
different approaches early in the program.
One of these used a variable-sweep wing,
and designated SCAT-1J, it became one

of the foundation stones of the entire SST
program.

The other was SCAT-4, a fixed-wing proposal
that carefully integrated wing, fuselage,
engines and tail into a highly-swept, cam-
bered and twisted aircraft design. The
purpose was to minimize the wave drag due
to lift, and this approach produced some
design ideas that were later extended to
other aircraft schemes, but have yet to see
application to an actual design.

By early 1963, four SCAT geometries had
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Navy combat  air
|)i.ll|'()| aireraflt mdel,
- tested at Langley, sh
two extreme positions
of variable-sweep wing.
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1. Navy version of the
F-111 variable-sweep
fighter is surrounded by
Langley test models of
the basic fighter.

2. Built to fly, this model
embodics all acrodynamic
features.

3. F-111 dynamic model
in free-flight tests at
Langley.

4. Wing sweep studics
were made at Langley
on this unpowered model
of the F-111.




treen welected as worth rursuing further
They in luded the SCNT -4 and SCAT-15,
joined by SCAT-In, another variable-
sweep proposal that evolved from the
SCAT-15 work, and the SCAT-17, a fixed
delta-winged lavout with a forward canard
surface. This latter versien had been
developed at Ames Rescarch Center.

Industry investigations of these four con.
figurations, done under NASA study con-
tracts, showed that the SCAT-16 and
SCAT-17 had the most favorable pe«-
formance. They were to become the basis
for the two competing configurations
developed by Boeing and Lockheed.

There was a tremendous dividend paid by
the SCAT and related configuration-study
programs. Theory and experiment pro-
gressed side-by-side, with condnuing feed-
back from one to the other. Gradually the
theories were modified to allow for the
real-flow conditions. As the aerodynamic
efficiency of each design began to improve,
so did the ability to predict that efficiency
by theoretical means.

This narrowing of the datferend ey between 9
theory and experiment, began to vield the

capability first, to optimize, ind then, to

prediict, the acrodynamic characteristics of

a wide range of aircraft.

During 1964, this ability to predict per-
formance was developed into a computer
program. In application to the SST designs,
it became possible to predict the airplane
polar diagram—-a plot of the lift cocfficient
against the drag coefficient--within an
accuracy of three percent. This acrodynamic
revolution mncant that a series of configura-
tions could be investigated in a fraction of
the time it formerly took. Small changes in
desigu details could be worked into the
computer program and theii effects on
overall performance predicted within a
matter of hours. It formerly took weeks.

A further extension now makes it possible
to use the same computerized approach to
calculate the performance of a deflected
airplane, that is, one that is distorted due
to its response to the loads of maneuvering
or of unsteady flow.

Finally, the computer program can be
modified to produce an output which
geometrically describes the airplane con-
figuration under test. That output, con-
verted to a punched tape, can be fed into
tape-controlled machine tools to produce a
wind tunnel model of the configuration
study, again within a matter of hours.

But the cleanest of aerodynamic configura-
tions with the minimum of wave drag still
would produce a sonic boom. Langley
researchers have been working on that
problem in a variety of ways since the early
stages of the SST program.

Their studies have been analytical and
experimental, as is customary with many
Langley programs. Measurements were
made of sonic boom intensities in fly-bys

of supersonic aircraft, and the results com-
pared to theory. Tiny wind tunnel models,
smaller than a tie-tack airplane, were built
and tested in supersonic wind tunnels at
Langley to determine the physical charac-
teristics of the sonic boom and the parameters
that caused and changed its nature.
Engineering ingenuity has made it possible
to fly the supersonic transport before it is
even built. The prototype Boeing 707-80,
which had been utilized in the program of
boundary-layer control, was further modi-
fied into a variable-stability airplane, whose
handling qualities could be varied to
simulate the approach and landing charac- 6 4
teristics of the SST. Langley pilots flew the }. y
modified airplane in a series of tests to i
evaluate the parameters of the SST, and

have analyzed the data for industry.
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Three basic configurations
of supersonic transports
were developed at
Langley:

1. SCAT-4

2, SCAT-15

3. SCAT-16

4. SCAT-I5F, an
advanced concept for a
supersonic transport,

was developed and
tested at Langley.

5. Wind-tunnel and
free-flight models
werce cxtensively
tested.
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Aponnt ur trathe sinalation progran,

studving the proclems of integrating the
Upersonie transport anto rasting ars teathe
contind swatrina, has been underway for
wveral vears The cockpit amalator s
locate -] at Langley, and it s tied into the
FAN's air trathe control ainalator at the
National Aviation Facilits Experunental
Crnter, Atlantic City, N |

The inital test program was planned to
study the arrival and departure operations
of a typical SNT  the SCAT-16 configura-
tion was used to estanlish the flight charac-
teristics  in and out of the John F. Kennedy
International Airport.

Experienced, professional airline pilot crews
from United Air Lines and Trans World
Airlines flew the simulated missions, working
the SST in through incoming and outbound
flights during pcak traftic conditions of 148
operations per hour. These were pioneer-
ing flights and they quickly delineated some
of the imninediate and long-term problems

of SST operation in terminal areas.

Langley’s longtime experience in structures
and materials played an important part in
the screening and selection of candidate
materials for the SST. The standard tech-
niques of metal testing were used; specimens
were heated to the operating temperatures
of the Mach 3 transport, subjected to

el of Lo atrady satate trinperatures, and
trstrd] at perundie antervals to deteniaine
the drtriinration of physcal properties

Oithes specinens, which had beea subyjected
to the heating « . cles typical of a nunber of
tughte in an SS1, were checked at room
temperature for fatigue properties.

Some of the Langlev research in subsonic
acrodynarmics is concerned with the develop-
ment of advanced configuration concepts
for aircralt. This rescarch could be aimed
at another gensration of subsonic trans-
ports, for example, but would produce
cruise sperds higher than those of existing
jet transports. For example, cruise speeds
of Mach 0.98 appear theoretically feasible,
compared to the current average cruise
speeds near or just below Mach 0.8.

One way of achieving this large perforinance
increment appears to be through the use of
a supercritical airfoil. This idea uses an
airfoil section which resembles a normal,

but inverted airfoil, to which a trailing-
edge slot has been added. By mixing high-
energy air from the under surface of the
wing with the lower energy stream on the
upper surface, the slot keeps the boundary
layer attached to the wing and prevents

the sudden transonic drag rise due to
boundary-layer separation.
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Visitors to Langley’s Field Inspection in

1964 were startled to see the original

Boeiz.g 707-80 prototype aircraft fly past,
almost level in the air, at the phenomenally
low speed of about 80 knots. Normal
approach speeds on the transport are around
130 knots.

The difference was made by a system of
boundary-layer control, another area of
subsonic aerodynamic research that Langley
has been working for many years.

Boundary-layer control, in one form or
another, has been around for many years
and used, to a greater or lesser extent, in
many applications. But houndary-layer
control, in its inost promising applications,
depends on the availability of large quan-
tities of air which are injected parallel to
the wing surface or over the leading edge of
a flap, in order to maintain the flow over
the surface and prevent boundary-layer
separation and loss of lift.

That is essentially what has been done in
the Boeing 707-80 prototype.

Air is ducted along the wings and biasted
out of nozzles cver the leading edges of
flaps which are deflected as high as 70
degrees. A secondary benefit results; be-
cause the engines normally would be run
at low power settings for the approach, and
because they must be run at high powers
for operating the boundary-layer control
system, there is a surplus of thrust available

S S —

in the approach condition. The Boeing
707-80 prototype used a thrust modulation
system which gave fast and powerful glide-
path control, and which was hooked into
an automatic speed-control system.

This particular concept of boundary-layer
control was developed and installed by
Boeing on the prototype airplane. The
flight evaluations were conducted by Lang-
ley pilots to evaluate and determine the
handling qualities of large aircraft working
in a powered-lift regime.

Some Langley research, like that done for
the supersonic transport or the variable-
sweep aircraft, paid off within a few years
after its initiation. Other research has taken
much longer to make the transition from
the proof of feasibility to application.

In this latter area is the work on gust
alleviation. In almost any airplane, a smooth
ride is better than a rough ride. It's more
comfortable for the occupants, it's casier on
the structure, it increases the fatigue life of
the airframe, and—in the case of military
aircraft—it makes for a steadier weapons
platform.

There has long been an interest in gust
alleviation at Langley; the first serious work
in that area bears a 1950 date. The theory
of gust alleviation was explored by Langley
scientists, and expanded by them into an
experimental installation on a twin-engined
Beech C-45 light transport.

L I T
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1. Boeing 707 prototype
was flight-tested at
Langley to evaluate sys-
tems for reducing takeoff
and landing speeds and
distances.

2. Full-scale prototype of
XV-8A “Fleep”, a flex-
wing aircraft built by
Ryan, was *“flown” in
the full-scale Langley
tunnel.

3. Transporting a Saturn
S-1 booster on a modified
Douglas C-133B was
studied in wind-tunnel
tests at Langley.

4. Newest heavy logistics
transport, Lockheed’s
C-5A, undergoes mode;
tests at Langley.
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The system worked; it reduced the effect
of gusts and provided a smoother ride for
the crew.

The flight tests were reported in 1961 in a
NASA Technical Note. The aviation in-
dustry, which had been running some
parallel studies, wrote parallel reports on
gust alleviation systems for such diverse
airplanes as the Cessna 310 and the North
American XB-70.

The Air Force currently is funding a pro-
gram, now nearing flight testing, to install
and evaluate a gust-alleviation system on a
Bocing B-52 airframe. The Air Force hopes
to increase the airframe life of the large,
flexible aircraft which it will be operating
by 70 to 100 percent.

The technique is cqually applicable to
business or personal aircraft, NASA scien-
tists say, and the state of the technology
would permit those applications right now.

Until the X-20 Dyna-Soar space glider was
cancelled, the program was under the joint
development cognizance of NASA and the
U. S. Air Force. The Dyna-Soar was an
extension of the research aircraft concept,
and was intended to extend the range of
performance from that of the X-15 on up
to orbital velocities.

Vertol 76 tilt-wing
VTOL aircraft was
evaluated at Langley using
1. a free-flight model

and 2. the actual

airplane.

3. British Hawker
P.1127 V/STOL tacti-
cal fighter development

aircraft, was flown at
Langley in the free-
flight tunnel in model
form and in tests.

Much of the support work for the Dyna-
Soar program was done at Langley, in-
cluding tests with a free-flight model in the
full-scale tunnel to determine dynamic
stability and control characteristics.

Other Dyna-Soar technical support in-
cluded the use of a radio-controlled drop
model, launched from a helicopter; transonic
tests in the eight-foot tunnel on the com-
bination of the Dyna-Soar glider and its
launching vehicle; transonic stability and
control tests in the 16-ft. transonic tunnel.

Hypersonic wind tunnel tests of the space
glider were made in Langley’s 11-inch
hypersonic tunnel at a Mach number of
9.6, to determine stability at low angles of
attack and to check the effects of nose and
canopy shapes on the stability.

Dyna-Soar used a unique skid landing gear
system, rather than conventional wheels,
because any ordinary materials used for
tires would melt in the heat of the re-entry
process. The Dyna-Soar landing gear was
tested on the landing loads track at Langley.
Heat transfer measurements and flutter
characteristics of the Dyna-Soar were other
problem areas studied at Langley.

Work on the Dyna-Soar and the X-15, plus
theoretical studies conducted during recent
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years, has pointed the way for research

on hypersonic vehicles with typical cruise
Mach numnbers of 7. At operational speeds
like these, an aircraft would develop tem-
peratures above 2,000F on the nose cap
and 1,600F on the leading edge of the wing.
Basic work at Langley has concentrated in
three general areas of hypersonic cruise
vehicle problems.

First of these is the configuration study,
where proposed shapes for the most effi-
cient flight at Mach 7 are analyzed and
later tested in hypersonic wind tunnels.

But given the extreine temperatures of
hypersonic cruise flight, unusual structural
concepts must be developed to enable the
vehicle to survive in one piece, and to
protect the occupants from excessive
temperatures.

Langley has conceived some structural
approaches to carry the loads, sustain the
temperatures, house the fuel and insulate
the passengers. One such structural concept
uses a thermos bottle effect. Liquid hydrogen
fuel is contained inside one structure, and

a second structure, the primary load carrier,
is concentric with the inuer tank structure.

The outer shell, planned to sustain the
primary loads at the elevated temperatures

to be encountered, is made of a superalloy.

The choicc of materials, and the develop-
ment of new ones for the job, is the third
area where Langley research studies are
making positive contributions.

A major contribution to hypersonic pro-
pulsion technology is expected from the
flight-testing of a small hypersonic ramjet
engine now being built for the Langley
Research Center by the Garrett Corp. It
is designed for opcration between Mach
3.0 and 8.0, and will be mounted on the
X-15 research aircraft for in-flight tests.
The engine is an axially symmetric type,
18 in. in diameter, and is designed for a
weight of 800 Ib.

Langley guidelines for the design of the
engine suggested a minimum number of
moving parts in the engine itself, and
emphasized the internal flow and the
acrothermodynamics of the cycle. Neither
minimum drag nor optimum cooling was
requested. Weight limitations demanded

highly refined structure, and the regencra-

tive internal cooling is also highly refined
to usc @ minimum amount of the liquid
hydrogen fuel.

Much of the pioneering work on the prob-

lems of aerodynamically heated vehicles




1. Lockheed XH-51A is
flown in Langley studics
of hingeless rotor heli-
copters,

2. Tri-service V/STOL
transport, the XC-142A,
was tested at

Langley with

dynamic models.

3. Republic F-105
fighter-bomber was
extensively tested in
Langley tunnels.

has been done in the nine- by six-foot
thermal structures tunnel which has been
operating at Langley since 1958. It dupli-
cates the flight cnvironment at speeds up
to Mach 3 by using hot air in the test.
section.

Recently a new facility, for structural
simulation of flight at Mach 7, has been
operated at Langley. Called the cight-toot
high-temperaturcs structures tunnel, its size
and capability permits the testing of struc-
tural concepts and complete components
of hypersonic aircraft. It is the only facility
in the world able to do so, to NASA’s
knowledge.

At the opposite end of the speced spectrum
from the hypersonic transport are the
V/STOL aircraft and hclicopters. A major
program at Langley in recent years has
been the evaluation of handling quaiities
of tlic wide varicty of thesc aircraft. Test
vehicles and production aircraft alike have
been assigned to the flight line at Langley,
instrumented and flown through a serics

of test programs that gave new information
on the way thesc aircraft flew.

In V/STOL, one of Langley’s contribu-
tions has been the concept of the tilt-wing
layout which evolved into the tri-scrvice
V/STOL transport, the XC-142A.

The first flying model of the tilt-wing con-
cept, plus test work done with models in
the 17-foot low-speed wind tunnel demon-
strated partial feasibility of the concept,
confirmed that it could hover and could
make the transition between vertical and

horizontal flight modes.
The work broke into three phases: Wind

tunnel studies on a small scale with a varicty
of configurations; large-scale research with
big models in such tunncls as the Ames 40-
x 80-ft. tunnel, and flight investigations in
prototype or research aircraft.

The flight test program on the Vertol 76,
which was evaluated extensively and modi-
fied at Langley, documented the handling
qualities, the approach and hover phases
of flight of this tilt-wing aircraft.

When the tri-service transport requirement
was initiated, Langley moved into the sup-
port work for the aircraft development.
Part of that work included free-flight tests
with a one-ninth scale model, flown by
remote control in the Langley full-scale
tunnel. Completc transitions were made
from hovering to forward flight in the
tunnel to check the performance of the
real airplane.

During the same time period, Langley was
testing the concept of the tilting-duct type
of VTOL aircraft, later exemplified by

the Bell X-22A developed for the Navy.
Other VTOL work was done on the GE/
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1. Smoke decfines vortex
flow path over this
Langley model of a
hypersonic cruise aircraft
in low-speed tests,

2. North American
XB-70 development
program was supported
with wind-tunnel tests
done in many Langley
facilities.

Ryan XV-5A fan-in-wing VTOL aircraft,

to determine the effects of tunnel walls and
other restraints on the free-flight performance
of the models.

Langley has acquired a Vertol twin-rotor
helicopter which has been modified to
serve as a variable-stability machine. It

is being put through a flight-test program
to evaluate and definc the control power
needed for maneuvering heliccpters and
VTOL aircraft of differing ch racteristics.

Finally, Langley’s concern with the day-to-
day problems of aircraft have produced
some major contributions to current opera-
tional safety. It was at Langley where the
phenomenon of tire hydroplaning was first
analyzed and evalua‘ed, and where its
dangers were first defineated to the aircraft
and automobile industries.

The accuracy of aircraft instruments, par-




ticularly the altimeters available commer-
cially today, is another problem area under
study at Langley. Related to that is the
ability of a pilot to maintain a constant
flight level, either flying by hand or on
autopilot, given the accuracies of teday’s
instrumentation. That ability is an impor-
tant factor in Langley studics of collision
prevention.

When a large aircraft lands at an airport,
it lcaves behind it, for a time up to a few
minutes, a turbulent vortex wake with
sufficicnt encrgy to upset a small aircraft
that lands too soon after the big one. The
magnitude of thesc wakes and ways either
to reduce or avoid them have been studied
at Langley.

Slush on the runway increases the takeoft
distance. Langley studies of the slush prob-

lem led to the current practice against
takeoffs on runways where there is more
than onc-half inch of slush.

The list could go on; the presence of Lang-
ley research is almost everywhere in routine
opcrations of aircraft, developmental flight
test of experimental prototypes, or the
design stages of new approaches to the
frontiers of flight.

The year now is 1967, fifty years after the
first founding of the Langley laboratory ard
the beginnings of the first attempts to
understand the problems of flight and,
understanding them, to do somecthing about
them. ‘

The work of Langley men and women has
been the foundation on which much of this
country’s aeronautical knowledge and
strength has been built.
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: 8 Flfty years is not a very long time in the recorded span of history.

| i A man fifty years old today is still considered a young man, at the top
\_" of his potential. Today’s generation of managers in the aviation in-

“/ dustry were born about the timc that Langley Research Center was

1 borr, and they grew ip together.

In tneir childhood, they watched the rare airplane that buzzed over- !

head, maybe dropping leaflets or a daredevil suspended beneath a 1

gaudy parachute. They went out to the fairgrounds and saw aerial '

acrobatics, or—in the ultimate thrill—took a ride over their home

town for five dollars.

In their teens, they hung around the airports, envying the suave pilots

with leather jackets who flew the biplanes and the new light mono-

planes that held the promise of a plane in every garzge. They washed

airplanes, wiped windshields, poured gasoline in exchange for a ride

or for instruction.

They went to work in the fledgling industry, or to college to study the

initial complexities of calculus so that they could someday design an

airplane.

Many of them went to war in the airplres they had helped to develop,

in one way or anothar, and too many of them died ii: those same

aircraft.

In the postwar years, they struggled with the visions of any postwar

dreamer, hoping that at least some of the dreams would be realized. 3

And that has happened. In their lifetime, the speed of airplanes has
gone from less than 100 miles per hour to more than 4,000 miles per
Lour. During their years, they have seen revolution after technical
revolution: Jet propulsion, rocket flight, sweepback, variable sweep,
supersonic flight, rotary-winged aircraft, vertical flight, guided missiles,
manned spaceflight, unmanaed exploration of the nioon and the planets.
In their lifetime, the land masses and the oceans have shrunk to be
measured now in hours instead of thousands of miles; to be spanned

d during a meal and a nap, instead of during a week of steaming or a
tedious day of throbbir.g flight.

B Ard in the few months remaining between the time this is being written,
and the time it is read, other aviation marks will be set. Recoids will be
broken and re-broken. New designs will take tangible form in the

solid structures of jigs and fixtures on factory floors.

The extrapolations of aeronautical knowledge will continue to make

d possible the exploration of space.

! These things will happen, because the thrust of development in 1via-
tion is upward into new regions of flight, and outward into new markets
and applications for the basic principles of flight.

. Those principles have been developed over the years by successive
generations of scientists and engineers, pilots and mechanics, scholarly
thinkers and backyard tinkerers—even by fools and frauds. The

airplane today is the sum of many parts.

But the large$t of its parts is the fifty years of aeronautical research
pioncered and developed by the men and women of the Langley
Research Center of the National Aeronautics and Space Administration.
It has been fifty years since the first symbolic shovels full of earth were
lifted above the soil of Langley Field to signal the start of construction
of the first research laboratory of the National Advisory Committee

ll for Aernautics. . 76
@ "he men who turned tlie warm Virginia earth looked toward the sky.

EMCt was bright and sunny—but they saw the stars.
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